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REMARKS ON THE EESION. CCMRKTI, AND ANALYSIS OF LARGE AIR EXERCISES 


K. C. Peterson 

I aa a bit reluctant to stand before this group of practiced and recog- 
nixed professionals in the arte of analysis and try to say ■cutting aw and 
interesting about the conduct and study of Air Force exercises. I expect 
that every point I hope to make is known by ont person or another in this 
group. Let's then approach these remarks as on attempt to systematise sene 
of the thing s xmxxy of us either already know, or mould soon realise if the 

appropriate circumstances should arise. 

These remarks are not intended to be critical of analysts’ past and 
present practices; rather, I propose to look at the practices we would all 

like to follow. 

We ore to consider large Air Force exercises. Our point of view will 
be that of an analyst. My thesis contains the following chain of argument: 

s The attainment of an appropriately precise narrative and numerical 
description of what happened in an exercise—to the offense, to the defense, 
to the targets, in the data networks and in the several headquarters; and 
the envir onmen t in which these things happened—is an essential prerequisite 
to any correct recognition and underst an di n g of what the exercise has to 

teach. 

s tkrny of tbs lessons taught by the exercise con be discovered and 

documented only by study of the description, 

# The preparation of the description demands the collection of certain 
kinds of information from all participating units; analysis of the description 

may require that further data be in hand, 

• The design of the exercise missions to provide the information which 
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is sought, the englaesrlng of an organisation to menage the exercise, the 
aaai&f of the lteas of information which hare to he collected, the selection 
of sources for their collection, the preparation and distribution of suit¬ 
able data forms, and the selection and training of recorders that a 

considerable amount of staff and analysis work be done during an axt oalod 
period preocding the running of the exercise itself. The amount of amlyti- 
cal effort required represents, say, the full-time work of sereml good msn 
for jereraJL months before the exercise. If this important work is ineffec¬ 
tively done, the exercise will be inefficient, for the added cost of this 
work is trivial in comparison with the aggregate cost of the exercise, and 
it can make possible the acquisition of treasndously more infonmrtion ttwn 
will otherwise be possible. In current Air Force practice, I believe this 
work is usually incompletely done. In order to improve thin situation, the 
analysts should first insure their grasp of the work needed and then endeavor 
to persuade the cosnands that it would be much to their advantage to provide 
for its accomplishment. 

• Every large exercise requires temporary organisational revisions in 
tbs command and communications structures of the forces in order to create 
the exercise headquarters. These headquarters never function as smoothly or 
well aa could be desired; no organisation functions well in the first hours 
of its operation. To help insure the smooth, efficient, and effective opera¬ 
tion of the ccsmsmlcations and c<smnnri structures set up for an exercise, it 
would, most probably, be worthwhile to conduct an app r opriate comsand post 
exercise, without movement of units, before the actual operating exercise is 
attempted. 

These are seme of the main points of ay remarks; they show the general 
direction to be followed. It will bo apparent as we proceed that the remarks 
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emphasise exercise. whose purpose is the study of tactic, for offense fore... 

Thi. .election permit, statements to be made in more definite form than would 
be possible if the attempt wore made to discu*. exercise, in general. 

The word "exorcise" is loosely used in the Air Force to denote a rather 
broad band of activities; it will be worthwhile to pause here a moment to 
look at this bond, because the kinds of information that can be drawn fren a 
particular exercise, and the difficulty or ease of doing so, depend upon where 
in the band of possible exercises the particular one lies. An easy way to 
characterise on exercise to to observe the extent of its departure from tbs 
characteristic, of an ideal test. In on ideal test the device or tactic under 
scrutiny is presumed to be in existence in practiced, workable font; the test 
is conducted under controlled conditions (that is, observation, are made under 
specific, predetermined conditions or situations); and the data are collected 
by expert recorders and perhaps also by special instrumentation tailored to 
the test. The analysts provide most of the direction to test operations. 

An exercise, on the other hand, is primarily a military show. The emphasis 
is on the development of tactics, techniques, or equipment, on the maintenance 
of proficiency in their use, or on the discovery of organisational or materiel 
requirements. The collection of data and the conduot of analyses ore essential 
parts of both tests ard exercises, but for exercises these activities are much 
more difficult and require more detailed and extended preparation. The diffi¬ 
culties arise fro. several causes, which represent departures, of greater or 
lesser magnitude, from the properties of an ideal test, namely: not all of the 
tactics or equipments under scrutiny are in hand in practiced, workable form; 
the coalitions of the tost are not closely controlled (indeed, one of the goals 
of an exorcise may be to investigate how well ean designed conditions be achieved 
by on operating fores with incomplete specific prior practice); the data opera- 
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tionj are frequently so maeroui and far-flung that data collection every¬ 
where by expert recorders is impossible (and hence resort sust be taken to 
recruited recorders whose performance will reflect the temporary nature of 
their assignments); such special instrumentation, otherwise desirable, is 
inconvenient or infeasible; and the senior exercise management is perhaps 
less Interested in adequate documentation than in other facets of the opera¬ 
tion. These properties of an exercise place all tbs more premium on the 
quality and completeness of the staff and analysis work done before, during, 
and after the exercise. If this work is inadequately done, much information, 
potentially available, is lost. 

It is unfortunate that in large-scale Air Force operations, staged for 
the evaluation of force tactics, the level of proficiency and familiarity 
required—on the pert of those designing, those operating, and those record¬ 
ing—to stake the operation a test, is rarely achieved. Dm briefing, the 
sortie of the force, the execution of the tootle, the observation, and so on 
are not polished and hence s host of important effeots which, in any honest 
sense, are external to the worth of the tactic Itself, either actually or 
seemingly assert themselves in its execution and influence the success and 
the reputation which the tactic achieves. Among such effects arc: the co¬ 
ordination between individual aircraft in a formation) the coordination 
between formations) the pilots' ability or luck in f i ndi n g the right targets, 
check-points, and let-down points) the force's withdrawal from the exercise 
area in a manner which may or may not reasonably simulate wartime behavior; 
the dissemination of the word on the speeds and altitudes to be followed; 
the reliability of people's msmories of new radio call-signs and special 
procedures, and so an. A further effect which has little to do with pro¬ 
ficiency, but which can very much bias the appreciation of a tactic, is the 



vsothtT Weathsr influence* the La u n chi ng and recovery of aircraft, visi¬ 


bility, contrail*, grtxind-speed, and radar performance. 

•Ehore are ■«« good reasons why the largo operation# are not, and perhaps 
ahould not bo, toot*. For on* thing, the planners usually hare a mmbor of 
altenmtive tactioa in mind that they want to try and, in point of tine and 
Money consused, it would simply be infeaeible to exercise the force sufficient- 
ly to polish the tactics before evaluation is aVtesqpted. Also, the consolida¬ 
tion of a large force for an operation necessarily involves temporary dislo¬ 
cations of personnel and equipment and my result in a period of reduced 
readiness to face actual warfare. In theaters overseas, the conduct of a 
large operation involves diplomatic arrangements to clear an exercise area. 
fUrtfcenors, My people feel it 1* good for the Air Force to operate with 
unfamiliar order* now and then, to create and maintain a ueeful levwl of force 
flexibility. 

3fter« ie Justification for amphasizing the importance of these external 
fhetors to the success achieved by a tactic. The first thing which mist be 
recoil ted by operation planners is that if the operation is large, it is going 
te be of a first rehearsal. To sobs extent the force will be like a 

football team going into a pma having studied its plays only on the blackboard. 

In recognition of this faot, provisions mist be made in the exercise design, 
and later in the coaluct of the exercise and its analysis, for the collection 
ami st udy of information sufficient to enable the influence of the external 
factors to be described both qualitatively and quantitatively. One will be 
wholly u»ble to get down to a study of the tactics themselves, which the force 
lms attempted, unless he has, during the design, conduct, and preliminary analysis, 
wide explicit *r>d adequate provision for the identification of, and at least par¬ 
tial compensation for, all those lasvltable effects. This work entails at least 
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three Important considerations: one is special provisions for collsction 
of the essential einrlro—sntal and performance data; another is the repli¬ 
cation, if possible, of mission designs; and the last is the conduct of 
sons analyses in order to understand hov to employ the information on the 
influence of external factors. Tar and away the most difficult of these 
is the arrangement for replication of mission designs. CasBsnders hate 
to drag things on. Analysts would do veil to emphasise at every possibil¬ 
ity that no single test or experiment is ever statistically decisive. They 
should try to underline to all who use the reports of analyses hov very 
limited is the significance of limited date. 

An operation of large forces does not have to be all novelty, however. 

A great deal can be, and in certain instances is, accomplished by force 
c win ders toward sharpening the performance of their casssande. Coemanders 
should be urged to havs their aircrews practice the components of fores 
tactics: teach pilots to fly a line abreast beyond visual rang* (score It 
by radar); have them practice the precise attainment, in both specs and time, 
of unfamiliar check-points and initial-points; teach then to take off on time 
and to observe radio discipline; urge offense fores wing squadron conmaml- 
ers to establish close cooperation with the radar stations In the vicinity of 
their bases, so that frequent, small, almost unofficial sub-exercises can be 
run and simply scored. 

let's now approach mors closely the business of design, conduct, and 
analysis. Consider first design, and let's agree net to focus principal 
attention on the statistical aspects of design. Ve have all studied the 
statistical design of experiments and ve know that there are good designs 
and bad ones, that an observed quantity is not observed exactly, that data 
can be sour, that statistical controls should be built into an experiment, 
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that tbs quality of our estimates la improved, in general, hy repetition 
of experiments, and to on. Wa all know moet of theae thine*, vhethor or 
not ve pay attention to vhat w* know. For the present, let*a focua our 
attention an some aspects of management of the design, on temt houaeheep- 
ing chorea, and on loat notions that hare to be kept in nind in order to 
end up with the hope of a good exercise, on* that will hare a high yield 
of information both per hour of unit flying and per hour of analysis effort. 

The first question* in design are: What i. the exerciaa fort What ia 
the exarciae expected to find outt In rague tern* theae natter* are usually 
suggested in the quotation of exercise objective a which cones down to the 
planning group trm Headquarter. U3AF or the lesser headquarter* In line. 

In ny own experience with fire or six exercise*, these objectives have not 
been at all adequately epeclfied. And when they are not adequately speci¬ 
fied, there 1. opportunity for seneone to aay, after the exercise and the 
analysis: Why didn't you people do auch and so? Surely all of you here 
have heard that sort of remark, and also: We wanted the distribution of 
the distance, of early warning, not the tinea; now couldn't you Just glance 
back over your sheets .... (and there go another three weeks down the rat- 
hole). 1 believe it would be a good idea for planner* to prepare, for 
approval by the chief, a nenorandu* of interpretation, when an exercise 
objective ia received, which interpretation would .tatc exactly what the 
planne rs will endeavor to draw fro. the exercise. It would conclude with 
a raMir i- that further information will be unobtainable since the flying 
schedule and the data form* will be simplified to the utmost, compatible 
with the objectives in the interpretation. In addition to the exercise 
objective*, planners should understand what the current operational prej¬ 
udices are. They should recognize that exercise findings which deal with 
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controversial Matters, In particular with Matters upon which Important 
people have adopted a position, require vastly core substantiation than 
non-controversial findings. You only have to prove something once to the 
chief if he already believes it, but he voa't doubt himself until you 
prove it severe! tines if it conflicts vith his Jud^wnt. 

Haring the objectives and the prejudices in mind, the planners should 
"dry-lab” the analysis required to produce the information sought. Analyt¬ 
ical experience Is invaluable in this work, for those who don't remember 
their chemistry courses, "dry lab” Beans to do chemistry experiments in the 
library instead of the laboratory—to get precipitates from a textbook of 
compounds instead of at the bottom of a test tube. By ”dry-labblng” the 
analysis, Z mean hers that one designs a calculation scheme, or & set of 
them, that can produce all of the information sought in the exercise, and 
frera the scheme infers what input information has to be collected in the 
exercise in order to carry out the calculations in earnest. The "dry- 
labbing" has to be done in sufficient detail to guarantee that all the 
n«de of input information which will be required are found, it is a great 
mistake not to "dry-lab" an exercise long before it is flown. 

Vith knowledge of the data requirements, as generated by the "dry-lab” 
work, one can begin to think of the kinds of missions that will be required 
to produce that data in usable amounts, and of the sorts of date-collection 
forms to be needed. Consider first the mission requirements. It probably 
happens that in most cases ths grand strata^ of the mission designs are 
directed by the chief or his deputy for operations. If, with reference to 
the "dry-lab” work, the mission schedule ia found to be inadequate for under¬ 
writing conclusions on the questions posed in the exercise objectives, the 
planners should petition for revision of the schedule, and show proof that if 
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the schedule is not revised the analysis is going to degenerate Into a salvage 
operation in which the staff tries to rescue what it can fro* chaotic informa¬ 
tion. 

During the course of the exercise design, analysts would be wise to hunt 
for information payoffs, in addition to those primarily sought, which can be 
l»d for rather minor increase in the total exercise coet. Generally, an 
exercise ie a tremendously expensive undertaking, and the direct coot of the 
design and analysis phases is practically negligible in comparison. Thus if 
an increase in the information payoff can be purchased by only proportional 
lnormase in the design and analysis effort, the over-all exorcise cost will 
be negligibly affected. 

And by the way, as a point of philosophy in design, I urge that in those 
exercises concerned with force penetration tactics, equal eophasis be given 
to investigation of the losses inflicted by area defenses and by local defenses. 
It is usually not done that way. However, in a somewhat loose sense, thoBe 
tactics which ore to be preferred for survival through area defenses are unde¬ 
sirable for penetrating local defenses, and vice versa. This statement is not 
to be interpreted strictly. Clearly, simple logic demand* that in the study 
of penetration tactics, all the defenses to be penetrated must be considered 
before some particular mode of operation can be shown to be preferable. And, 
incidentally, if ve are to be honest, we can consider only those local defense 
penetration tactics which will put the offense in position to launch weapons. 

It may be appropriate at this point to say a few words about the design 
of missions or tactics. All of us, I think, en.ioy doing the things we can do¬ 
me like to exercise our capabilities. There is tendency to throw into force 
tactics the equipment on hand with insufficient study of whether that equiroent 
contributes positively to the success of the tactic: "Take those .lasers out 
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and jam—lay a big river af chaff across in this direction so the defense 
von't know vhat's going on—Send in everything else ve've got a half-hour 
ahead of the bather* and run their fighters out of gas. n Sens tactics vith 
no »ore foundation than these have been taken quite seriously at tines. It 
Isn't necessary to emphasise to this audience that such planning does not 
necessarily guarantee efficient utilisation of one's equips*nt and capa¬ 
bilities. The design of tactics should be based on a thorough study of 
the opposition—and I think those r—nrks apply as veil to the design of 
defense tactics as to offense tactics. In ths instance of offense tactics, 
the planners should consider in detail the essential attributes of a defense 
system and its components, and should study, then, their ovn capabilities to 
find out what uses of vhich capabilities can Interfere in specific vays vith 
the performance of the defense, and thus aoko positive contribution to the 
gucaess of the tactic. The ccmbing-onrer of one's capabilities to find out 
vhat he really vents to do can be done systematically, and vlll be helpful 
in both the perfection of present plans and the generation at legitimate 
requirements for future Sfulpawnt. 

Assume now that ths mission or flying schedule is approaching final form. 
Before the planners admit that they are as little dissatisfied with it as they 
can honestly expect, the schedule should be searchingly examined again by the 
"dry-lab" technique. Also, the schedule ought to be padded a bit to provide 
some flying that can, grudgingly, be cancelled because of weather or other 
causes, vithout making the exercise lata hopelessly incomplete. 

The next step in the design is the preparation of the operations orders, 
including the data collection forms. Thousands of natter* have to be accounted 
for in the orders; some of these are particularly important to the smooth con¬ 
duct and analysis of the exercise, and insuring their presence in ths orders is 
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north special effort: 

Pint, a central, orer-all co«and headquarters with full authority is 
extremely de.irable. Thi. headquarter, .hould be re.pon.lble for all forces 
Involved to the extent It 1. feasible to arrange this responsibility. This 
headquarter, should be re.pon.iblc for both making and di.seminatlng to all 
participating force, all decisions in regard to any faoet of the exorcise. 

It vould be most vise to train thi. headquarter, by a c«*ond post exerci.e 
•c»e time before the operational exercise. Othervi.e thi. .onewhat adhoc 
group ii not likely to function as veil a. vould be desirable. 

next, the order, should require an exercise critique to be held vithin 
a few day. relieving the end of flying. The critique -ist be attended by 
the exerci.e ecs-ander and hi. staff and veil-informed representative, of 
all participating unit, and organisation*. The critique should direct it. 
discussion, toward the performance of the ca*and and cc—unications otruc- 
ture set up for the exerci.e and the exerci.e environment, and should specif¬ 
ically avoid trying to anticipate the result, of the exercise analyst.. The 
critique proceeding, .hould be private, informal, sincere, and off the record, 
vith only eu—iry remark, officially recorded. In thi. way people vill be 
■ore free in their airing of congratulation, and coeplaints. The critique 
*ust have a .trong cfaaimm, and he .hould make it hi. busine.. to see that 
people do not use the forum of the critique as a sounding board from which to 
advance preconceived notions. Those who are to analyse the exerci.e can collect 
much valuable information in a critique, for it involve, people from all the 
spheres and level, of activity involved, and aU the point, of view. 

Hext, the order, .hould help provide motivation for the complete execution 
of all the data collection forms, and detail the m^hincry for the collection 
of all the data records to soeo single place. 
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Whan th# order* are all prepared, the analyst* «hould procure a complete 
deck of them and study the* in detail for consistency, All courses, briefed 
check-point*, and target*, vith th* associated tine*, should be plotted for 
guidance during the exercise touring, and for later use during the analysis. 

C on sider ncv the data collection forns. Fron earlier work the planners 
know all the data iteawi that lave to be collected. It la necessary to find 
at least one, and preferably three or four sources fra* which each item can 
be obtained. Redundancy of the data Is desirable because the capability of 
people who are filling out fora* for becoming inactive, or inaccurate le almost 
beyond description or belief. You people are all foalliar vith thle human 
characteristic. When an observation is recorded independently by several 
sources, sour observations can frequently be spotted. Also if there are 
Multiple data sources, chances are that not all of then will be inactive 
simultaneously. 

Data Must be collected fro* th# sources on prepared forms. Th* subject 
of data forms is worth a full-dress study course in its own right. A few 
remarks on the design end use of forms ere in order here: 

first, the execution of data forms takes time, and if this time is taken 
by people who or* actual links In the systea under study, then the system is 
disturbed. Consequently it is worthwhile to have data collected by special 
recorders who are not themselves linked Into the system. It is Infeasible to 
have special recorders collect all data, of course--only the pilot of a fighter 
can observe his airplane throughout its flight. Special data recorders are 
usually much more reliable than recorder* who are in the system. Pilot reports 
are particularly unreliable and should never be taken as primary data unless 
they are otherwise corroborated. The usefulness of pilot reports probably 
would be increased if, in same way, pilots could be assured, truthfully, that 
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thay would be inune from retribution «bould they frankly record their actual 
actions specifically including their mistakes. I am convinced that ouch of 
the unreliability of pilot report# stems from their fear of looking bad on 
their record#, and fear of being reprimanded or otherwise penalised for mis¬ 
takes. Pilot# need both protection fran this sort of thing, and motivation 
to do good flying and reporting. It should be impressed on pilot# that 
incorrect mission reports can load the command staff Into an Improper appreci¬ 
ation of the relative effectiveness or desirability of alternative tactics, 
and thus my lead to a preference for inferior taeticB. The Inferior tactics 
could, in combat, force the unnecessary loss of pilot lives or result in other 

disaster. 

Next, controllers should never be their owe recorders, since they are very 
busy, usually, and also have a universal tendency to assign their failures to 
quirk# of their equipment. All analysts know that "target fade" i# meaningless 
in a controller'■ logbook. 

Next, one should try hard to obtain free routine forms used in regular 
operations most of the data to be required. Special new forms almys add to 
the already considerable burden of paper flowing through the force, they are 
not readily understood, and frequently meet hostility. 

If new fora# must be used, they oust bo carefully and cleverly worked out 
in order to be easy to understand, difficult to misunderstand, easy and fast to 
fill out, and easy to rood by those who will use the information. The form# 
should, to the maximum possible extent, be composed either of questions with 
given multiple-choice onswero, for which the correct answer can be indicated 
by a check-mark, or of data entries which can be given by writing a m*ber in 
a box. Avoid asking a data collector to write a sentence. Never tell hia to 
"cross out those answer, which do not apply" for this instruction is invariably 
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confused. IJevmr state question* in the negative. Never oak a recorder to 
a calculation. Avoid having a recorder drav diagrams; if diagrams are 
essential, provide printed coordinate gride and be particularly careful that 
the recorders are properly instructed and exercised. 

Finally, a data recorder has to be activated to do his work properly. 
Motivation goes beyond either instruction or command. The recorders must 
be shown how to fill in the fonts, what they are used for (in brood terms), 
be made to feel that the time he spends on the forms is well Invested, and 
he must be given enuae to wont to fill in the forms properly. He imist 
believe that every data entry on the forms is important. Accomplishing 
these things is a difficult but essential part of successful force exer¬ 
cising. The only way I know of whereby recorders can be adequately moti¬ 
vated is through personal contact. It is helpful to show recorders the 
results achieved In previous analyses using their records. 

Consider now a few remarks on the behavior of analysts and eorananders 

during the conduct of an exercise. 

The commander should have at his elbow a statistician who knows the 
exercise plan inside and out. This arrangement may require clever selling. 

The ecsssander will be less Interested in the data than will the analyst, but 
the analyst can nevertheless keep him pooted on how the Information situation 
la developing. For one reason or another, missions arc always being shuffled 
around, revised, postponed, and sometimes cancelled during large exercises. 

An analyst vired-in at the sanctum of command can eoraetlaes provide uneful 
advice to the chief on which missions arc the more vital to the completeness 
of the data scheme. Thus if some flying haa to be cancelled, the analyst can 
attempt to insure that nothing crucial Is lost. 

The analysts should see everything they can during the exercise, and take 
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copious notes. Ths human memory is unreliable. It is a good idea for 
rrsryooe in the analysis tea* to write up his notes into memoranda for 
circulation within the team. In this way, each can profit from the experi¬ 
ences of all in the group. 

It is important for each observer and analyst to visit, sane tine 
before the exercise, the place or places he will be during the exercise. 

The purposes are to learn where the place is, bow it is laid out, how it 
operates, to meet and chat with the people and enlist their cooperation, 
and to arrange for a place to sit or stand where one will be able to keep 
track of proceedings without disturbing the system. These things must be 
beforehand to avoid disturbing the system during the exercise. One 
should be careful during an exercise not to give away information to those 
who shouldn't hare it. For example, an analyst bursting into a 3CI at 5 
With an expectant look in his eye could alert the watch that something is 

about to happen. 

It would be a good thing if the conmond staff could be persuaded to 
keep a record of incoming Information and to permit a recorder to take notes 
on staff discussions during an exercise. The records kept are usually only 
a log of outgoing printed messages; the discussions and verbal cemsands are 
lost. A rather complete staff log would be invaluable In the untangling of 
some of the knots of inconsistent data that may be discovered during an 
analysis. Analysts ore veil-advised to snatch up opportunities to interview 
rr—nmlirs. staff, and crews when doing so does not disturb the system. 

How the exercise is over but, for the analysts and some of the comand 
jtaff, the work continues. 

It was suggested before that than; should be held a critique of the 
ccwwind and ccmsunicatioas operatioo# during the exercise. 
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Th» analy sis staff would be well-advised to Ignore the fact that the 
operation* order*, if well written, will hare *et up machinery for the 
assembly at ease one place of the complete records collected in 
the exercise by all participating unit*. The eachinary nay be helpful, 
but to insure its action the analysts should disperse to each of the source 
points nnd houau then for the records until all hare been accounted for. 

The exercise headquarters should persist long encxigh to help this work. The 
analyst* should be emotionally prepared, for the realisation that many of the 
reports will not hare been nude out according to the letter, to say nothing 
of the spirit, of the instructions. Using the records will still be diffi¬ 
cult if all the recorders were properly instructed and motivated before the 
exercise. If they were not so instructed, long hours of frustration are in 

prospect for the analysts. 

We turn now to a few remark* on analysis. 

The first big problem of tho analysis is to obtain a complete description, 
in documented numbers and. narrative, of what each airplane and group of air¬ 
planes, the ground networks, and the c nrm w nd actually did in the exercise, and 
of what happened to them while doing it. This work xust precede any attempt 
at Historical analysis, discussion, droving of conclusions, and the like. If 
the exercise design has been competently dome, if tho data form* were well 
engineered, and were distributed, filled-out, and a o 11# c ted, and if there were 
no major upheaval * during the con duc t of the exercise, then this task is rather 
straightforward, though at best it is laborious. On tho other hand, should on# 
of the preceding "if" statements not be realised, the Job of description may 
degenerate into the salvage operation mentioned before. 

For thoee who have not experienced what this Job of description can entail, 
let m create an only slightly exaggerated example. Suppose we are de a li n g with 
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an exercise designed to evaluate th* relative reliability of a set of 
altermative mission design* for getting an attack fore* through an area 
defended by radar-controlled interceptor*. Th® sequence of the min events 
ia: the offense forces approach the defended area, i0 * e or tllea 0X6 

teen by radar, the radar information Is evaluated and scramble orders are 
given, interceptors rise and engage some or all of the offense, the surviving 
offense aircraft continue to target and turn hose-ward. 

Ideally, the offense could prorido, within the accuracy of navigation 
logbooks, a minute-by-mlnute record of the location, cour*e, speed, and alti¬ 
tude of each of its aircraft, along with a notation of Its base, type, tine 
at take-off, call-sign, side markings, briefed IP's and target, briefed pro¬ 
file, the points where each is attacked, where each eights interceptors, the 
influence of radio Jaming on communication, and the existence or absence of 
contrails at all points along the route. That would be the offense'* picture 

of things. 

Th* defense network gets a different picture. They see pipe on radar 
scopes, they estimate speeds, altitudes, courses, and positions for the air¬ 
craft the pips represent. But the defense isn't positive who are friend and 
foe, it doesn't know for sure which aircraft arc weapon carriers and which 
are not--maybe none or all are-ond they don't know the intended targete. 

The def ense Is unsure how many aircraft are present; they worry about being 
deceived. The defense gives each track it sees a number, and records loads of 
information on each one, from their viewpoint. Decisions are mads, disseminated, 

and recorded. 

How interceptors leave the ground. An interceptor pilot sees many things, 
and records sene of it. If he sees an offense airplane, he has no sure way of 
knowing If It 1* the one he was dispatched and vectored to find. He knows his 
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position only approximately, and can only guess the heading of the aircraft 
he sees. Sometimes be can read the markings on his target, sometimes not. 

The point of these paragraphs has been to indicate hew the offense, 
the defense ground network, and the defense squadrons eaoh build up stores 
of more or less inaccurately recorded information about aircraft sent, air¬ 
craft detected and tracked, and about aircraft sighted or attacked. But 
there is no Immediate identification of a particular offense sortie with 
a particular radar track and with a particular interceptor sighting. Cu¬ 
riously this three-sided correlation is essential to the bringing together 
of all the information recorded on the actions of, and rcaponseo to, each 
offense aircraft. One procedure for approaching this correlation involves 
the use of plotted overlay maps of aircraft tracks. 

Eventually, the narrative and numerical description of the exercise is 
achieved and the analysis proper can get under vny. This task, too, can be 
rather straightforward if the "dry-lab" work, so helpful in the design stages, 
was well carried out. 

Let ms close these remarks by recalling to your memories a few of the 
arguments advanced in the previous paragraphs; 

1. The conclusions from an exercise con be documented 
only if one knows arid can document what happened in 
the exercise. 

2. Only if the influence of the "external factors" can 
be adequately appreciated and isolated can the con¬ 
clusions reflect the influence, an the results achieved, 
of the components of force tactics, or can whole -force 
tactics be fairly ranked in order of preference. To 
accomplish this isolation to a useful extent, very 
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careful and explicit preparation* are required. 

2 , Hiv* pr oper design of an exorcise, to 'bo statistically 
efficient, conducive, possible to describe and to 
analyse, nn^ to moke possible the collection of all 
the data and other inforoation sought, requires a 
large amount of analysis and staff vork to be done 
before the exercise is flovn. 
k. The comend ^ coomunications structures set up for 
on exercise should be given practice beforehand in 
order to increase the likelihood that these structures 
will function smoothly. 

5 . Forae cotasanders can contribute much to the capability 
of their forces by a continuous program of scored and 
analyzed small exercises. 

6 . There are a number of important steps that have to be 
taken in order to collect useful and adequate data. 
Among these are: 

The data requirements must be deduced. 

The alasions must be appropriately designed. 

The data sources must be found and the personnel 
be trained. 

Clever collection forms must be engineered, re¬ 
produced, distributed, executed, and collected 
together. 

7 . In the design of an exercise, analysts should search 
carefully for information payoffs, beyond those orig¬ 
inally required, which can be attained for negligible 
or minor increase in the over-all exercise cost. 
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8 . In considerations of exorcises concerned with force 
penetration tactics, analysts are urged to (jive equal 
ejphaaio to investigation of the losses inflicted by 
local defenses and by area defenses. 
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he JXSLTE**. that p“ expanded research and development program would 
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finders. Because it is constantly sending out strong radio signals, it can be heard 
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Division 18 (ABL-15), which wti idalAiitirtd tad staffed thmudi pat .. 
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someMOOO tons were produced. Tims every dollar spent on research* RRL 
resulted’in over ten dollars’ worth of equipment delivered to the Services. 

In addition, the Laboratory built, or had built under sub-cor.tract, someMJJ 
items of equipment, worth $2,680,000, which were turned ov<ir'*““*"*•" 
test and experimental field use without transfer of funds. In cases 
operational need existed for equipment which could not be procured ^ ttm# ** 
services in any other way, the Laboratory produced or arranged for the P™** 0 ** 
of an additional $2,805,000 worth of models for which OSRD was reimburneda 
transfer of funds. Of this amount, $1,910,000 was spent 
•Tuba* lammers turned over to the Royal Air Force (RAF) and paid for by the 
JSh to„“h lS-Um.. TO remainder, JMS.00O, repreeenm to co« * 
over 460 additional items ‘crash* produced for the Army and Navy. 

Since the Service orders for all countermeasures equipment 
$300 000 000, it can be seen that in dollar volume, countermeasures represented 
activity almost one-tenth that of radar itself; yet the National Defense 
Committee (NDRC) countermeasures program got under way roughly a year and a 
half later than its radar counterpart 

The task of supplying equipment to blind the enemy radar *eyes , wherever 
they were encountered, presented RRL with many problems th ^ «^ u ^ ue * £ 
almost no other field of wartime research was the work which was d “*J**J “ 

closely with tactics - not only our own, but also enemy tactics. Si f c * t ! ie P * P ^ 
tion of radar countermeasures requires both a knowledge of operational plans^and^^^ 
intelligence information about the enemy as well, it is no surprise that the research 
work tad to be carried out with the greatest possible security, ^addition, the 
constantly changing nature of the enemy tactical and technical position, and 
lationship to it, made it necessary to supply finished countermeasures 
the Armed Forces with a dispatch greater than that needed ^ the case of auj o^er 
electronic equipment. This accelerated pace meant that many of the technical de 
cisions tad to be made with what would be, in normal practice, insufficient iMor 
nation. The success of the countermeasures program as a whole, nowever, ue- 
monstrates that the enemy was thoroughly out-guessed. 

In addition to designing and developing the countermeasures equipments, RRL 
rendered many other important but less tangible services as well. By serving as 
a central clearing house for radar countermeasures (RCM) information, RRL _ 
helped by keeping all concerned up to date mi the latest events. By folloudng the 
progress of its developments from the time they left the l^oratory to the ttme 
they were in operational use, RRL provided a follow-through e^sential totoe success 
of its share of the program. An Important part of this phase >i the workjnu the 
Laboratory’s technical observers and field representatives, of « 1 htch 74 were s«* 
to the European theater, principally through ABL-15,17 to the Mediterranean theater, 
and 23 to the various Pacific theaters. 
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II. ORIGIN or RADIO RESEARCH LABORATORY 

enemy radar tevetojln^^ U““ed SUtes on the atari of 

tao*Ti that the British were planm!/?oum!?™« ^ rsdlr countermeasures. U tu 
few details on the enemy eq* pm ?M*** inst <*•»■» rada<b«t 
whether or not the Japanese had radar.” ,rtltaWe * K was not known for certain 

«-swsas - *•»- 

particular, the Microwave CommiUee o/Sm? , I moun ‘ 01 V**- to 

a radar search receiver for the frequence raiSe*^ h?*t riWd Uie d «5*l®pment of 
reports, the German radars were^JeraSg?^ WCh ’ accor *Wno British 

•“* NDRVr*^M*u^e*”u^drc^^t r in e t} 1 ^ CC '^ r 37 bet ** # " N *n 

NDRC for the establishment of a counter™.*?! 1 “ 0 “ lcul «Roe»t would be seat to 
TWs request went forward immediately and th!** r !f** rCh afld <te,, * lo Pment group, 
to the Radiation Laboratory at the M^sa^se,!. 13 !^!^ ***temporarily assigned 
bridge. Mass. Dr. F. E. Terman, Sn of Se^!?* . ? Chnol< ** Ctm- 
ment at Stanford University w/mT.!!. zJ?? Electrical Engineering Depart- 
cruituig of key ptS iSSri^'T * “* W*- K 

the time Dr. Terman arrived r'.° n f!.! Dd * 0me h * d been obtained bv 

were made available to the new provecUntoe r ?i 1M3 ’ Tem P® r *»7 quarters 

oratory. Effective March 21, IW* H? r £^tK “* «*■“«» Ub ' 

covering the countermeasures res"e^ “" ivers, * y tcc '&'* M NDRC contract 
ferred from M.l.T. to Harvard in r". '^ ,or work wa. trans¬ 

equipment was moved to Harvard where ini R . d, ° Re *' ,rch Laboratory's 
University's Biology Build**. “* Ubora,or y was set up „ a wing of the 




CONF1DKMML 





CONFIDENTIAL 


in. ORIGIN OF A PROGRAM 


\411-2M 


™ ehrst 0t many Usks facin 8 ‘•w Director of the new project was the matter 
f securing personnel, since by the time RRL was started, most of the major U 8. 

wartime research projects were already underway. The Laboratory's ftrat 

ssociate Director, Dr. R. W. Hickman of Harvard University's Cruft Laboratory, 
p oviaed invaluable assistance in the recruiting work, particularly in view of his 

Umewe °t" S However black *** Problem may have looked at first, as 

m ,° re sources of manpower were found, since each new 
arrival seemed to know of one or two friends who might be available. In this way 
the number of research associates at the Laboratory increased almost linearlv * 
until September, 1943, when it reached some 200 persons - a level which was main¬ 
tained until the Laboratory s demobilization. 10 

* great contribution to the Laboratory’s effort in the early days, was an ar¬ 
rangement with the Columbia Broadcasting System (CBS), whereby a substantial 
proportion of its television research staff w^ made avallab?tor wkoKStlw 
project. Some of the members of this group, such as Dr. Peter SoWaLS 25 
Mr John Dyer, divided their time between RRL and CBS's television laboratnr* 
JUr K° r ^ VirtUa ,! ly 311 ° f Whlch was devoted ex cl2ive*y tocoimtermeasures 

w« MrH J 016 WO j" k at u ew York w “ coordina ted by RRL, and for many months 
was carried on under sub-contracts from RRL. 3 

rp«JJ!!h SeC,,rlng “ d or K ani *ing of the necessary facilities needed to carry out a 
research Program consumed a large portion of the time of RRL’s personnel in the 

ta Z t00l l’ electrical «l«ipment, radio parts, etc.,all had to be ob- 
ined as rapidly as possible at a time when severe shortages in these items were 
making themselves felt. Special laboratory test equipment had to be constructed 
and provisions had to be made for facilities to test new deveTopmenL “2«r2f- 
to mention but a few of the items which required attention. 

reaufred^Hp !.2K°7 ***** 11 Mo Ration in the shortest possible time 

st(^ the2nn»r!fi bli # 1 0t new Procedures, such as methods of handling 

*** c ° ntro1 of shop work, etc., which are taken for granted in long-estabUshed 
c rns. Secrecy requirements and increasing war burdens on the administrative 
l e £ r ‘ mentS 0t the Universlt y resulted in development of a virtually autonomous 
laboratory organization, with its own purchasing, expediting accounting and n tK>- 

minuter these non-technical funcUons the University loaned Mr N Preston Breed 

Since the art of radar itself was relatively new and virtually unheard-of to thou 
who had previously been working outside this particular field, iM^s^essarw fa? 

ZFSjTS'Xr *, Ub ° ral0Py “ ember to ac< » ulre considerable indoctrinathl.* 

To this end informal courses and lectures were given, and much help was obtain 

t£ Ub ° rat0ry 8UM members wh0 **<1 been assigned to h2?2? 

®{* e RRL’s assignment was very indefinite (the contract merely stated that 
the Laboratory should work In the field of radar countermeasures’) it was neces¬ 
sary to formulate a starting program on the basis of very little prior knowUto 
To give some idea of the difficulty of estimating the situatiun in the early daya^f ’ 
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Figure 4. The Radio Research Laboratory's assignment 
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well-informed persons felt that the new countermeasures activity would become 
quite large, and might Involve as many as 100 persons in all, or perhaps at the 
outside, 150. The final strength of the Laboratory was actually five times that 
amount! However, in spite of the newness of the field, certain broad objectives 
were apparent from the start. Since rac.j*..n be "heard', the need for search 
receivers with which to detect them was self-evident. One of the very first steps 
made by the Laboratory was to take over the search receiver development work 
instituted at the General Radio Company by the Microwave Committee. Dr. D. B. 
Sinclair, who had been in charge of this work at General Radio, was loaned to the 
RRL in order to head up the Laboratory's receiver development group. The group's 
first assignment consisted of developing improved tuning units to take the place of 
the two-dial units then being procured by the Services. A prototype of an improved 
uniT was de monstrated at the Naval Research Laboratory as early as April, 1942. 

It was realised that radars, like any other radio device, could be jammed. 
However, it was by no means clear how much power would be required to do this, 
nor was it clear what type of jamming signal would be most effective in accomplish* 
ing this purpose. Moreover, it was realized that radar deception by means of 
reflecting objects would probably be almost equal in importance to the j»wmtn of 
radars by means of radio transmitters. Proposals for reflecting devices m»H» out 
of short lengths of wire, tetrahedrons, etc. were under consideration from the very 
start. 

It was also realized that a good portion of the early effort should be devoted to 
operational testing, indoctrination and training. For this reason, plans were under 
consideration from the very start to obtain aircraft for test and demonstration 
purposes. A well-equipped 'Flying Laboratory* would not only make possible 
studies of the best way to jam radars, but would also assist in connection with 
operational studies of the effects of jamming . 

Important adjuncts to search receivers are pulse analyzers and panoramic 
adapters by means of which operators can analyze the characteristics amt deter¬ 
mine the nature of an unknown signal. RRL investigated the existing developments 
along these lines, and soon came to the conclusion that they were adequate for the 
job in hand. Effort, accordingly, was concentrated on other problems. 

Since it was known that the British had extensive countermeasures experience, 
the first step in working out a countermeasures development program was obvious. 

In order to become familiar with British experience and plans, the Director of RRL 
together with two key Navy officers in the countermeasures field, flew to England ’ 
in April, 1942, and carried out a comprehensive tour of English countermeasures 
laboratories and establishments. 
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IV. A SHORT HISTORY OF THE LABORATORY 


,, orA of Mav 1942 Dr. Terman had returned from a six weeks’ stay in 
the Urtted Kingdom. At that time, the Laboratory's total personnel numbered leas 
016 Nevertheless the program was fairly clear: the immediate Job 

wm to^find out what could be done with radar countermeasures, particularly is the 
T* 5 10 ranees in which enemy radars were known to operate. One Laboratory 
SJStte £b “designing Jamming transmitters for the German 'Wurzburg 
fnti aircraft fire-control radar frequency range; another went to work on jammers 

to?the lower frequencies in which the German “Freya warning radar as weU as 
for the lowe eq third undertook rec eiver develop- 

SS.‘SSi&Si'SfUSi«■“. •** *«*>■ 

of j ammin g on representative U. S. radar systems. 


Shortly after Dr. Terman’s return from England, it was agreed that random 
noise modulation was probably going to be the most effective for Jamming. Mr. 

raid bi •*»> d««l°Ptol * ““ 

SL that provided b, the traditional wis.tur.ted diode. S'"'* 1 
uncovered a new and far more effective noise source (a photo-multiplier 
SXSd! put*through preUminary tests. By one week later, the tube had been 
SLSSS’pS- « ptdhtlblUUee were well wrferetood. Ie» ot few* 
of Jammers ultimately used this noise source. 


Not long thereafter, several experimental low frequency Jamming transmitters ^ 
were completed and tested in the course of flights against re P r *® e "jf Uv .^; . 
radars An experimenUl 200 Me Jammer successfully put an SCR-268 radar out of 
SSTitarSJa*Wse of tests at Cambridge. Somewhat later, an improved^ Me 
Jammer was similarly tested against an SCR-270 early-warning radar at Wright 
Field with excellent results. 


Bv the end of 1942, the Laboratory had not only been formed and organiMd, but 
it had a rood share of its growing pains behind it, and could look back uponsolid 
a ™SlS«mettts The project had been transferred to Harvard and was wefl 
settled in its new quarters in the Biology Building. AddiUwial space was provided 
by a two-story wooden structure built on the roof of that building. 


Actual flight tests had demonstrated that both early-warning i^J2n?SS2- 
radars could be successfully jammed with relatively low-powredja mmtogtra ns 
mitters, and experience had shown it possible to build a Jammer « v. 

Sight and power drain packaged in "^ *«£**£ KlSSST 
ablv efficient source of noise energy had been developed in time to ___ 

thetero Jamming transmitters (Mandrel and Carpet) which were ‘ lready ^ 1 f* P ^ 
%?*£ A?med Forces. Two receiver single-dial “ MJV?* 

als o gone into procurement - the same two units which proved . ^ 

almost aU RCM search work during the war. Also ready * or c ^“T/ RC .jM) re- 
end of the year were the Autosearch (AN/APR-2 and Z‘ro-Catcher (RC 
ceivers, although these did not turn out to be as important “ SIrly 

other units. Other important receiver and transmitter devel °P m ®"^ 
read, for procurement this time: the Rug Jammer (AN 

AN/APR-5, and AN/APR-6 search receivers. The tatter two ” j oOO to 

possible by the development of a satisfactory local oscillator, tuna 
3000 Me for use in microwave superheterodynes. 
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Figure 6. Early experimental Mandrel-type Jammer 
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finall^^t r TS ! °* 1943 « toe ^"tory was at nearly one-hall lt> 

^ l E" gth \V,. ma , 0t ' esearctl Personnel), and more had agreed to come 
seemed^ ^ , n« dif «, Ul t e L 0f findin * qualified men in the already combed field 

aees in the L f borator y had •**& visited by many important person¬ 

ages in the radar and countermeasures field, and an impression was rapidly erow- 
“ 27*“ crcles “»* countermeasures ’were goingto 
in the war. Early uncertainties as to the direction of the work were over andtte 
10 * P°*“ion to evaluate its own pToJSJ^LTSttS £ 
f*.. ce accumulated. Flight tests of new developments could now be 
carried out with ease, since by this time the Laboratory hid its own^crltand 
MoZwMn 8 facilities established in a hangar at the East Boston Airport. 
Moreover, full scale jamming tests were made possible by representative D 8 
radars mounted on the Laboratory roof and operated by 2toratorv Srs^?l 

MrSSSJSAW ‘ r up 0f engineerswere^d K3£ in 

"ZS£?JLv^K^° a elp teep “•***** Worn>ed of —*- 

c „„£J n ^ ally, ta December, 1942, the first Uboratory-built equipment to be in¬ 
stalled in an operational aircraft was being fitted in a B-24 aircraft ordered to 
scout Japanese radar defenses in the AleuUan Islands. 

of nSfZT. “V? 42 ? et J* ttern * l,r what was to fouow. The possibilities 
***" defuled > and the objectives were clearly in view. Early in 1943 
the Laboratory s program went into high gear; during the entire year many changes 
and much expansion occurred. The technical staff doubled in size, while the touf 

* B “ STSSn: 1 jumped fr0m 275 111 *° «* * December. inAu^ £S 

r fl< £ r S . pac * nearly doubled b > *•» addition of a temponry wooden 
annex to the Laboratory s wing of the Harvard Biology Building. 

hrnii^T!!^ ye ^ th , e larg * number developments which went into procurement 
a “atural change in the overall apporUonment of the Laboratory's 
technical effort. As more and more receivers and transmitters came ai/»r a 
proportionately large effort had to be devoted to designing antennas to go with them. 

^ I ° u ^ ta,,dlng antenna development engineer, Mr. Andrew Alford, was obtained to 
head the antenna group. ' 

The importance of RCM was recognized by the NDRC late is 1942. and Or C 
Guy Suits was made Chief of an interim 'Section F*. Early in 1943. Section F hel 
came Division IS of the NDRC, which was made responsible for all phases of radar 
countermeasures activities. The effect of this consolidation of the RCM effort mem* 
increased support for RRL, and imparted an increased ImStS to i 
Suits encouraged expansion of the overall activity. To him belongs credit for the 
introduction of a comprehensive countermeasures tube development program which 
ori 1 8 3 IUlly at U* General Electric Company and was later extended^oother 
Division 15 contractors. Dr. Suits also deserves great-credit for organizing the 
Division 15 communications countermeasures program. By arrangement with the 
Army Air Forces, s Division 15 field testing stattoo was set up st Florass Field. 
Florida, an auxiliary of the Proving Ground Command's Eglin Field The Fionas 
Station was Jointly operated by Army and NDRC personnel; most?the U tter ^n. 
from the Radio Research Laboratory. This station made possible flight tests of^* 
RCM | « W . CT1 ' wter COtaUUo,. tar „or. tL3 

In order to give manufacturers every possible assistance in the rantd 
Uon of RCM equipment, the IVansltion Dimmest, whichE SnsJf^to 
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November, 1943, vu greatly expanded and given full responsibility for Laboratory 
equipments after the original development work had been completed. 

In the summer of 1943, Mr. ]. F. Byrne was made Executive Engineer of the 
Laboratory, in w^ich capacity he was responsible for the work of both the equip¬ 
ment-design and modeNshop-production groups within the Laboratory. Experience 
had demonstrated the desirability of building production prototype equipments in 
a form as close to the final manufactured version as possible. Since all manu¬ 
factured equipment had to undergo Service acceptance tests, it was found that time 
could be saved by subjecting prototypes to these tests at the Laboratory, before 
submitting them to the manufacturer. A Test and Standards Division wax accord¬ 
ingly set up by Mr. Byrne and equipped with the necessary shock and vibration 
testing apparatus, as well as radio and electrical testing gear. Operated as a 
group entirely separate from the rest of the Laboratory to ensure impartiality, 
the Test Laboratory provided an important service by carefully measuring and 
recording the performance of each model before it went to the manufacturer. 

Although this procedure sometimes delayed delivery of a completed prototype to 
parties outside the Laboratory, the extra effort paid for itself many times over in 
cutting down the time required to place equipment into procurement; by making 
redesign unnecessary, and by avoiding later differences of opinion over performance 
specifications. The presence of the Test Laboratory also had the effect of greatly 
improving the design work done by the individual development groups within the 
Laboratory. 

Another important development was the formation, early in 1943, of a model 
shop production group. Wherever the production of small quantities of equipment 
must be carried out in the shortest possible time, it is very desirable to have the 
production agency close to (yet at the same time separate from ) the developing 
agency. It was found that even local model and Industrial machine shops were too 
far away according to this standard; work "farmed out* to them simply took longer 
to complete. For this reason, a group was set up within the Laboratory to build 
small quantities of urgently-needed equipment for Service testing, or, in some 
cases, for emergency use by the Services. 

To handle the greatly increased volume of Service project requests which 
poured in during 1943, as w«*U as to keep the Laboratory abreast of changes in the 
program, a Liaison Division was created early in the year and charged with re¬ 
sponsibility for all relations to the Services. 'Informal Liaison Conferences* of 
RRL and Service representatives, were held at the Laboratory, and did much to 
coordinate the program by promoting discussions and agreements. 

Project requests and information collected through Liaison channels were re¬ 
viewed by a separate Project Committee that was set up In the spring of 1943 to 
broaden the basis for technical decisions made by the Laboratory. 

The technical results accomplished during the year were many. By April, 

1943, only one year after the Laboratory started operating, development of the 
following transmitters had been completed: AN/APT-1, AN/APT-2, AN/APT-3, 
and AN/APQ-2, giving a coverage of the radar spectrum from 85 to 700 Me. Thus 
by April, the Army and Navy had already placed on order jammers capable of 
covering the full frequency range used by all operationally important enemy radars ( 
during the war! (The crude Japanese S-band equipment was the only enemy radar 
to be used operationally outside this band.) Moreover, by April, the first produc¬ 
tion AN/APT-2’s had already put in an appearance. 
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Figure 7. -Single Dial Tuning Unit 
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figure 8. View of Florosa Field; hangar and building used by RRL field group 
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startled * part °* a huge electr °nic jammer known as “Tuba* 

r^‘ t:*' / yon b * Producing, in May of 1943, over 20,000 watts of continuous 

before that*time P OnJ»?Lfh > !k C '» r 4b0ut 1000 Umes **** hi 8 hest level reached 
was hed £ by * BriUsh under Lend-Lease, the Tuba equipment 

RAF bombers wnuW * i am,ning beam over Germany in which homeward-flying 
n^terT^f * trom ,ttack b * AI radar-equipped German night 

. * remarkable power outfwt caused a writable 

Lahorat ’c ^ tnkin 8. a nd exerted a marked influence on the later course of the 

i^APR-5 a^ ^mU7L?‘ k AS !° r reCelV€rS * ° ie AN/APR-1, AN/A?R^ 

in the first pS SnS? Wer * COmpleted and placed ta Production 

with RJFtf now” 1 slgnificant operational results had been obtained 

testi!^ *" Eur °f‘ the wlsdom <* hiding model-shop equipment for Service 

testing, as well as sending scientists abroad to assist with it« intrrwiiuiM/M k«ii 

K-w*. «™< «»i».p of. u. s.“ 

Saf^aSr «c ^, minan l Carried out «P*nments to see if the German antST/* 

agamSt their d »yilKh‘ B-17 formations. The positiw 
auowl oi a ■ t0gether » lth results obtained by EToper- 

v°^ l E " L 0 r^ el - S Ob constructed Carpet transmitter, led to the formulation 

- «ch *%£££%£ ■» *«-« 

„ Af ![ U ’ ! 943 * Dr * DonaW B. Sinclair, at that Ume head of the Laboratory's 
accom™n de » V hp 0 « m ? nt f g, ’ 0UP ’ acceptcd “ appointment as Technical Observer to 

S E7ta?J m h l°n f thVr‘ CS a/V" 1 PUnM wWch were sent North Africa 
Oerm^ ri!t ly c L h P ? Ar J my Alr Forces ta those heaters pinpoint the many 
Dr 10 h* d ° t ! ing *** n °rthern shores of the Mediterranean.* 

n n txp *™ n '* had » very significant effect on the Laboratory's 
P f . . ‘ ll . gr * at y raised the priority on the development of direction finders an 
apmsthomin g devices, and it lowered the priority on warntag devicw suS m XL 
,.^*; C ‘\ er ’ a V ‘ 6W ° f “* Uck of “ operational need. As a result of I?. Sin- 

Mediterro**' a *2i, th ? w °. rk °* 0,6 technical observers who succeeded him, the 
MMUerraaeu Theater for a considerable period was perhaps the best Informed 

«•“ •/ kcm. r„..„ 0.£ 55.“ 

as the first theater to request and receive production models of the RRL-de- 
veloped single dial tuning units. Furthermore, the first production Rug jammers 
were flown to the Mediterranean theater and used at Salerno durine the invasion 
o Sicily (in September, 1943) when the U. S. Navy used jammers for the first time. 

• A “realisation of the importance of scientific assistance to the Services 
o 5** ?f.* d, ,* ed ,945 > t0 ^cusslons in England sponsored by the U S 

»«Ur Miss loo, at .Weh . propoaal to sot up a. RCM laboVaS"." u,« e™“' 

and the E5£5 A555l5,“S 

England, on Premises supplied by Britain's chief radar and countermeasure UiL 
? rl uI7‘ Telec °mmunicaUons Research Establishment. Entirely U 8 -cm» * > " 
trolled, and set up at the request of the u. S. Army AirForces SiilfT' 
nevertheless was able to serve aU branches of the\j. 8 Services in the^ETO ^f. 
work was not limited exclusively to radar countern^^ 


CONFIDENTIAL 




CONFIMKNTIAI. 


4:1-299 


4 5 


guided missile jamming activities were undertaken as well. ABL’s staff, although 
largely recruited from RRL, included several men on loan from other Division IS 
laboratories, and totalled some 70 persons at its peak. 

RRL assisted the Army Ground Forces on two occasions in 1943. In July, a 
ground jamming expedition was sent to the Aleutian island of Amchitka, from which 
point the radars on Kiska were to be put out of action during our invasion of that 
island. The radars to be countered, however, were destroyed by the Japanese dir- 
<ng their evacuation of Kiska several days before the invasion. In November of 
1943, plans were laid for a second ground jamming expedition, this time to the 
island of Corsica in the Mediterranean. Jammers for this expedition were crash- 
produced at RRL, and two laboratory technical observers accompanied the equip- 
r lent to the theater. This second expedition proved to be somewhat disappointing 
rom the laboratory's point of view, since on arriving in the theater the exjiedition 
found no satisfactory operational plan worked out for the use of the equipment. It 
was necessary to wait eight months before jthe jammers could be turned on. 

Later in the year, intelligence reports of a possible German radar development 
for submarines gave use to an urgent Navy request to the Laboratory for the crash 
production, and installation in a Navy sea search PB4Y-1 plane, of Laboratory- 
built prototypes of the AN. APA-i.4 and APA-17 direction finders. These installa¬ 
tions were completed in slightly over one month's time at the Laboratory's newly - 
acquired airport facilities located on the Army Air Base at Bedford, Massachusetts. 
The plane, known as Albatross II, was sent directly from Bedford to an operating 
base in North Africa, from which point it carried out over a hundred patrols over 
the submarine hunting grounds in the Mediterranean area. All equipment functioned 
p:rfectly, but no submarine radar signals were ever heard, and it was concluded 
that although the submarines undoubtedly had radar, they were evidently not using 
it, a fact which was confirmed by post VE -Day intelligence. 

As a result of the satisfactory performance of the equipment, the Navy eventu¬ 
ally ordered over 1000 APA 17's for the special search planes described in the 
next paragraph. 

Started somewhat before this Albatross II expedition, was another Navy air¬ 
borne radar search project known as Albatross I. Early in 1943, the Bureau of 
Aeronautics asked RRL to participate in the mock-up and testing of a new long 
range reconnaissar.ee aircraft for the Pacific theater. Known as the PB4Y-2, this . 
plane differed from the B-24 in that the fuselage was lengthened by some 6 feet in 
order to house a remarkably well coordinated installation of the latest in radio, 
radar, and RCM equipment. RRL supplied engineering assistance on this project 
from the very first, even when the aircraft itself was largely in the blueprint 
stage. Over 800 Albatross planes were ordered by the Navy (of which 600 were 
delivered), and a considerable number were m active Service in the Pacific by 
the time the war ended. 

The highlight of the year, as far as the operational use of countermeasures is 
concerned, was the successful introduction of Carpet anti-aircraft fire -control 
jammers in the European theater on October 8, 1943. Carried in 61 aircraft of 
two groups of the 8th Air Force during a raid to Bremen, the Carpets resulted u 
a 50% reduction in losses for the protected groups. Use of Carpets was closely 
followed by the introduction of Window, which had first been employed by the 
British in July, 1943. 
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Figure 0. Test Laboratory; shake table at left; cold chamber at right 
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Figure 10. Tuba: 500 megacycle arc at 50 kw power 
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record Ume The equipments were delivered by truck directly from the Laboratory 
to Navy Yards In the vicinity of Boston and New York and there installed aboard 
destroyer escorts, destroyers and cruisers - a job which required close coordina¬ 
tion in view of the fact that these ships were in port, in most cases, for a few days 
only - seldom more than a week. Moreover, during this time an average of over 4 
members of each crew were given training at RRL in the use of this new equipment. 

The AN/ARQ-8 jammers saw operational use in the invasions of Normandy and 
Southern France. It is also interesting to note that some of these equipments, 
crash-produced and instilled by RRL in the U. S. A., were given their pre-invasion 
tune-up and operational check in England by members of the Radio Research Lab¬ 
oratory serving overseas. 

In the European theater, as the date of the Normandy invasion drew closer, it 
became apparent to those responsible for the planning of the invasion RCM program 
that the installation of U. S. equipment aboard British ships would not be completed 
in Ume owing to a shortage of qualified British engineers. As a result of this 
emergency, a cablegram was sent from General Eisenhower to General Marshall 
requesting that the latter personally contact OSRD and ask that sixteen American 
scientists be sent to England on the highest possible priority. Four days after re¬ 
ceipt of this message, eleven of these men (fourteen of whom had been selected 
from RRL and two from CBS) arrived in England, and the remainder followed with¬ 
in four days, having travelled overseas on a No. 1 air priority. As a result of this 
U. S. help, 90% of the projected installations were completed by D-Day. 

Shortly after this 'Petticoat* expedition left, disturbing news was received by 
the Laboratory from the European theater. According to all available information, 
Carpet transmitters, although in quantity production in the U. S., were not being 
received overseas. As a result of inquiries made by RRL a little earlier, a member 
of the London OSRD mission had carried out an investigation of the situation, and 
now reported back that a continuing shortage of Carpets was resulting in a con¬ 
siderable loss of morale on the part of the Air Force Groups using this equipment. 
So few were available, that a complete barrage of the spreading German radar fre¬ 
quencies was out of the question, and the air crews were becoming discouraged at 
the possibilities of this countermeasure. , 

Mr. A. E. Cullum, Jr., an Associate Director of the Laboratory, had accom¬ 
panied the 'Petticoat* expedition to Europe. He promptly investigated the situation 
and started a chain of happenings, described below in greater detail under Liaison, 
with the result that a tremendous flow of Carpet equipments was started on its way 
to the European theater. These began to arrive m September and by December, 
1944, over 6000 had been installed. Procedures for the installation, testing and 
operational use of these equipments on a large scale were worked out on the spot, 
and a comprehensive program of air crew training was established, all with the 
aid ol ABL-1S. 

Valuable assistance in the overall direction and organization of this program, 
was also provided by an ABL-15 scientist on loan as a consultant to the Operational 
Analysis Section, 8th Air Force. Based on engineering considerations worked out 
in consultation with ABL, operational plans and 'Standard Operating Procedures* 
were prepared and promulgated to the many Air Force groups using the Carpet 
transmitters. Since a considerable German reaction resulted from our counter¬ 
measures effort, the Carpet program required constant supervision. For example, 
it was necessary to organize and carry out continuing studies of enemy frequency 
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distribution in order to enable our forces to set their transmitters properlv and use 
them efficiently. ' 

By the summer of 1943, the Radio Research Laboratory and in particular Mr 
A. E. Cullum, Jr., Associate Director and Head of Transition, became convinced ’ 
that Radio Research Laboratory could best serve the theaters of operation and the 
procurement agencies of the Army and Navy by a definite and consistent model 
production program whereby the Laboratory itself would either build a given number 
of models of each equipment expected to go into quantity Service procurement or 
would have them made by an outside contractor. 

Some of these models would be retained by the Laboratory for field testing 
purposes, some would be allocated to the various Service testing agencies m this 
country, and some would be allocated to theaters of operation. The advantages of 
a systemafic program of this sort were many. In the first place, production of 
20-25 units of a development gave valuable experience in ironing out production- 
difficulties. Second, an adequate supply of models greatly facilitated the work of 
Radio Research Laboratory and Service field testing groups, which thereby had a 
chance to evaluate the performance of each new equipment before plans for large- 
scale production were frozen. Third, allocation of models to the operating theaters 
helped educate field commanders in the possibilities of the new equipments, and 
made it easier for them to formulate the operational requirements needed by pro¬ 
curement agencies at home to schedule final Service production. 

, ., At toe time of the original discussions of this model procurement program 
(which in effect organized and formalized model production which had previously 

bee 'Ja" rried ° Ut from tirae 10 Ume> ' 11 was pUin that toe Radio Research Laboratory 
would be unable to build a sufficient number of models of each development in its 
own model shop. This made it necessary to develop a system whereby these models 
could be obtained on sub-contracts. In view of the large expenditure of funds that 
would be involved, the procedures and contract forms to be used were reviewed 
very carefully with OSRD. However, it was important that the model procurement 
program proceed on a large scale immediately, even during these discussions, and 
without testing out on a small scale, the procedures that were involved. The first 
sub-contract under this procedure was let in August, 1943, and from that time on 
the activity expanded very rapidly. The models produced were worth many times' 
their value to the program as a whole, and the program fully lived up to the 
original expectations. 

In order to maintain closer touch with the countermeasures needs of the theaters 
the Army Air Forces instituted, in May of 1944, at the suggestion of Mr. Cullum a ’ 
° f ^Printer conferences with overseas headquarters. Both RRL engineers 
and RRL field representatives participated in these conferences The first of 
Oiese was with the Air Force headquarter, in England. Late? on/cSTerences with 
headquarters in the Mediterranean area, and sUll later with Guam and Manila were 
begun. These made possible a far better coordination of the overall program,'since 

^ m .!* Clear P‘ c,ure 01 to«ter needs, and at the sTmTumi pro¬ 
vided the theater with the latest information on U. S. plans and developments E?en 
more important, they made it possible to get rapid action by clearing up problems 
and exchanging views informally. * v prooiems 

The remarkable success scored by our armies in Europe in the fall of 1944 led 
to a feeling of optimism on the part of the OSRD as weU as others PUn S for “ 
demobilization of the Laboratory, in the event of victory in Euroi we w£|S 
out as a result of the OSRD demobilization plan, and made ready to cw ttey we 
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needed. Although no official encouragement was given, a few engineers left the 
Laboratory at this time. The stalemate L; si; mtc fall of 1944, and the incident of 
the Belgian Bulge in December of that year, brought all of these plans to a stand¬ 
still, however, and caused a considerable change in thinking. 

The year 1945 began inauspiciously as far as the Radio Research Laboratory 
was concerned - with the death by enemy acUon of Wallace B. Caufleld Ir on 
New Year s Day. Stationed at ABL and serving as a Technical Observer ii! France 
for the 9th Air Force, Caufield lost his life during a strafing attack on a column 
of American vehicles. He was posthumously awarded the Bronze Star. 

The first part of 1945 brought a gradual tapering off of the Laboratory research 
activities, and a gradual change in the over all emphasis of the program. Continu¬ 
ing indications of possible enemy use of centimeter radar led to further technical 
developments in this field. The AN/APQ-20 airborne microwave jamming system 
was further refined and was given the nomenclature AN/APQ-27. Recovery erf a 
Japanese shipborne 10-centimeter radar from a cruiser sunk during the action of 
Leyte Gulf in the Philippines gave impetus to a Navy project which had been under 
discussion since early in the year. A satisfactory 1-kilowatt centimeter tunable 
continuous wave magnetron operating at microwave frequencies had been develooed- 
this was incorporated in tne design of a shipborne jamming system embodying tte 
S ! a ‘ e ?‘ peering practices. The project, begun in February, was code-named 

- P rif n L^- , . UrgC Scale - tatende<S ,or use « Naval vessels, 

the Elephant project represented the development of a complete spot jamming 

system, with a transmitter capable of being remotely tuned, a completely new re¬ 
ceiver having high image rejection, and other features incorporating the entire 
experience of the Laboratory up to that date. 


New presentation equipment for setting the transmitter on frequency was de¬ 
vised; new directional transmitting antennas that could be trained by the counter¬ 
measures operator were worked out, as well as special receiving aerials for look- 
through, general search, etc. The jamming operation had to be satisfactorily in¬ 
tegrated into the use of standard radar direction finders such as the DBM. Along 
with all this, a large systems engineering job was required in order to make Ele¬ 
phant into a unified system, which could function without disturbing the operation of 
adjacent friendly radars. Moreover the entire jamming operation had to be closely 
tied in with the ship's Combat Information Center. Completed shortly before the 
end of the Japanese war, the •Elephant* was installed for test in September, 1945, 
aboard the U. S. S. Asheville, where it performed its anticipated function with great 
success. It provided satisfactory jamming cover against shipborne centimeter 
search and fire-control radar, giving protection at ranges far shorter than the 
minimum required. 

In the European theater, responsibility for the administration of the activities 
of RRL Technical Observers in the Mediterranean area was transferred to ABL-15 
in the Spring of 1945, since it was found that the needs and requirements of the two 
theaters were very similar. This made possible the better coordination of opera¬ 
tional planning, and through an interchange of manpower, a rendering of greater 
assistance to the somewhat understaffed Mediterranean area. 

In the Pacific theater, effective Japanese anti-aircraft fire-control and search¬ 
light-control radar was encountered by our forces attacking the island of Formosa, 
the Manila area in the Philippines, and mainland of Japan itself. This led to the in¬ 
troduction of a full-scale 200 megacycle jamming program by the Strategic Air 
Forces, and caused a larger degree of attention to be focured oo this theater in 1945 
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Figure 13. Early B-17 Ferret planes at Foch Field, 




AN/ARQ-8 guided mlBsiles jammer Installed aboard a destroyer 
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V. TECHNICAL ACCOMP LISHMEN TS 


The following section is a review of the highlights 
>rogram. 6 6 


of the Laboratory's techni- 
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Figure 16. Representative Model Allocation List 
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Figure 17. Top view of the Carpet I transmitter 
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Figure 18. Elephant aboard the U.S.S. Asheville: receiving position 
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at the Laboratory. Previous to that time, field tests of Window had employed only 
small quantities of material, which had left only isolated pips on the screens of the 
radars affected. A full scale test, employing large quantities which completely 
saturated an area, were now made possible. The results were striking, and motion 
pictures of the tests created the greatest interest in Service circles. Those con¬ 
cerned with the RCM program were given an entirely new idea of the possibilities 
of this countermeasure Window was seen to be not merely a deceptive device, but 
a countermeasure almost as effective as jamming. Tracking an aircraft through 
the infested area was completely impossible. 

Immediate action was taken by the Signal Corps. The Laboratory was asked 
to develop facilities capable of producing 10 tons of Window per month by July, 1943, 
and to have 10 tons on hand by that date for experimental purposes. At that time 
RRL had only one cutter on hand, and there were doubts as to the length of time it 
could remain in satisfactory operation. However, by constructing cutters on a 
rush basis both in the Laboratory's machine shop, and at a manufacturing plant in 
Nashua, N. H., the necessary number of Window cutters was delivered on time, 
and production was begun. In this way, United States production was ready when 
the British used Window during the first raid on Hamburg, Germany, in August, 1943. 

The Window used by the British on this raid weighed nearly two pounds per unit. 
The British had heard, through liaison channels, of U. S. work on Window and of 
the success obtained by narrowing down the width of the strips. The strips used 
in the Hamburg raid were narrower than any which the British had employed 
before, but were still far less efficient than the U. S. Window. Because of their 
immediate needs, the British were allocated half the Signal Corps Window machines, 
which were sent to England with the understanding that the Window produced there 
would later be available to both the AAF and the RAF. The British bought 150 ad¬ 
ditional machines on orders through Treasury Department Procurement. As 
it worked out, the AAF later obtained a good deal of Window from the British. Thus 
the original effort expended in helping the British build up their Window production, 
repaid itself. 

When Window was first placed m operational use by the U. S. AAF, in October, 
1943, the U. S. production Window available to our Air Forces weighed three ounces 
per package as compared to 27 ounces for the British equivalent. This difference 
meant not only a tremendous economy in material, but also the possibility of carry¬ 
ing a greater bomb load in view of the saving in weight 

From that time on, the research problem consisted of effecting further re¬ 
finements and improvements in Window design. Development of a suitable package 
was in itself no n ean task - the bundles had to be designed to open at various air¬ 
speeds after just the right dels.? to release their contents intact. 

In view of the shortage of paper backing, and of the shortage of manufacturing 
facilities for gluing paper backing io metal foil, cutters were improved sufficiently 
to possible the manufacture of Window made of pure metal foil. In addition 
to the saving In weight, this foil had another important advantage - its percentage 
dispersal was much greater than the older paper-backed variety. 

In view of the high security which required that all Window tests in the early 
days be conducted over water so that none of the material might fall into unauthor¬ 
ized hands, little was known as to the percentage of strips in each Window bundle 
which actually dispersed in the air and thus became effective as radar reflectors. 
When tests over land were finally permitted, it was discovered that a sizable per- 
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cenlaee of the strips became entangled alter release and fell as a solid mass or 
‘bird's nest*, thus contributing little to the echo produced. As soon as this effect 
had been discovered, steps were taken to increase the amount of dispersal. It was- 
found that the pure foil Window gave a remarkable high percentage dispersal <so 
high, in fact, that the problem was no longerjserious 11 the Window were dispensed 
from chutes properly designed and located In the aircraft. (Window ejected from 
improperly designed or placed chutes often suffered damage on emerging Into the 
slipstream! 


Subsequent improvements included a so-called 'triple unit' consisting of three 
single units of Chaff, each of differing lengths, contained in a single package Cap¬ 
able of giving response over a wide frequency band, this 'triple unit’ was an answer 
to the growing spread of the Wurzburg frequency band, and weighed less than 2 
ounces per unit. 


U. S. aluminum foil production was increased approximately three times dur¬ 
ing the war. Nearly 75 per cent of this total producUon was devoted to Window. 

Shortly after the development of a satisfactory Window bundle, studies were 
made of possible means of automatically ejecting a large number of them from air¬ 
planes. Early attempts involving containers of fixed size proved impractical in 
view of the difficulty of predicting the amount and shape of the space available in 
aircraft for installations of this sort. The most practical design proved to be one 
which used bundles of Window each glued crosswise on long tapes. As these tapes 
were drawn through rollers, the Window bundles were automatically torn off and 
ejected. The advantage of this scheme lay in that the taped Chaff could be store*, 
in one or more cardboard cartons easily stowed in the plane, from which the bundles 
were pulled by the tapes as required. 


Window dispensers proved to be entirely practicable for heavy and medium 
bombers. In the case of fighters, however, space was seldom available for an in¬ 
ternal installation of a Window dispenser. To meet this need, RRL developed a 
Window dispenser and Window storage container mounted in a streamlined container 
similar in shape to a bomb or an expendable gas tank. These 'Window' Bombs 
would undoubtedly have seen wide use had the war continued. 

The low-frequency radars used by the Japanese required a Window technique 
different from that employed in the European theater. In the 100 to 200 megacycle 
range, Chaff bundles become long and bulky and difficult to handle. This led to the 
development of a type of radar reflector, known as 'Rope', which consisted of 400- 
foot rolls of thin aluminum tape, half an inch wide. When rolled up, the tape formed 
a roll 2 3/4 inches in diameter. One end of the roll was anchored to a small paper 
parachute, or a piece of cardboard, so that when ejected from a plane, the tape would 
unroll itself very rapidly into a long streamer. By making this streamer fall in 
such a way that it assumed more or less random orientations, Instead of being 
exactly vertical, the 'Rope' proved to be extremely effective against radars of any 
polarization. Rope has the further advantage that it will operate over a wide fre¬ 
quency range. 'Rope' was used extensively in the Pacific theater by B-29’s and 
other heavy strategic bombers. 

\ • 

Transmitters ^ \ 

In the design of Jamming transmitters, the first and most important technical 
problem faced by the Laboratory was to discover how much power was needed to 
jam various kinds of radar sets under various conditions. It was not known, for 
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Figure 20. Early British leaflet Window 
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Figure 21. How the Window cutter operates 
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Figure 22. The L-shaped patch on the PPJ at 7 o'clock is 
Window; planes are visible inside apex of "L* 
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example, whether the power requirements for an airborne jammer would turn out 
to be of the order of 5 watts or 50 watts. If it had turned out to be the latter, It is 
likely that the Laboratory would never have developed to the extent that it did. 


Since it was by no means clear, at first, what sort of jamming modulation 
should be used, the choice of noise modulation for the jamming signal was an im¬ 
portant decision. This hadbeen proposed by Telecommunications Research Es¬ 
tablishment, although the only British jammers actually in use at the time em¬ 
ployed high-frequency sine-wave modulation. Noise proved to be the correct de. 
cision. Although other simpler forms of modulation were from time to time pro¬ 
posed, even up to the very end of the war, none of these alternative forms was ever 
used operationally by o.t forces except in very special cases. 


One of the earliest activities of the Laboratory was to build an artificial radar 
system on which to study the appearance and the effects of the various forms of 
jamming. Later on, more extensive studies were made of such combinations as 
noise amplitude modulation plus a certain amount of frequency mnH niaHn^ etc. 

The results all pointed to the fact that noise amplitude modulation or amplified 
noise itself was the most effective type of signal. 

I* ws RRL s policy to take ideas which seemed to be good ones, wherever they 
could be found. Starting, so to speak, from scratch, the Laboratory had few pre¬ 
conceived notions which might serve to limit or restrict thinking. 

Once the optimum type of modulation had been found - and it is significant 
that the first RRL report to be published (RRL #1, dated July 8, 1942) treated a new 
and more effective source of noise jamming - the next problem consisted of finding 
out what sort of jamming equipment could be carried in Service aircraft. It was 
not known for example, how much additional weight or how much additional power 
drain could be tolerated. As a result of considerable liaison work and consultation 
with the Services, it was found that an equip; -ent approximately one Standard Air¬ 
craft Rack in sire, weighing-40 or 50 pounds, and drawing three to four hundred 
watts of power, would probably be acceptable. The first RRL jammers, therefore, 
represented attempts to build as much power output as possible into a space of 
that given size. 


The Laboratory s early low-frequency jamming transmitters - Mandrel and 
various modifications thereof - were built chiefly for test purposes in order to try 
out the idea of jamming on the most readily available u. S. r adar s. The first 
higher frequency development - Carpet - was based on a probable British need and 
again was intended to show the possibilities of constructing equipment for that 
general type of application. 

The Laboratory’s basic philosophy was to make a transmitter as powerful as 
possible within the limits of the assigned space and weight. In order to cover the 
various frequency ranges in which enemy radars might appear, it was necessary 
to build a line of jamming transmitters with power outputs of the order of 5 to 20 
watts, each occupying 1 to 1 1/2 standard aircraft racks, as shown on the attached 
chart 

As the program developed, however, the necessity for designing higher powered 
transmitters became apparent. Moreover, as RCM began to be accepted by the 
Services, there was a willingness and even a desire to carry more pounds of RCM 
1**^* new tubes became available, higher power transmitters such as dif 
AN/APT-4 were made possible. The Increased power naturally nece ssa ry 
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an increase in the size and weight of the equipmentSTffiwever, the AN/APT^4 mafc—- 
netr-jn transmitter (which weighed 190 pounds, and drew 1500 watts of power) proved 
practicable and would undoubtedly have been introduced on a fair scale had the war 
continued much longer. 


Developments of transmitters for higher and higher frequencies called for the 
use of new tubes and new techniques. Experiments showed that the new. high-power 
lighthouse tubes, when used with cavity resonant circuits, were capable of high out¬ 
put over a wide frequency range. This discovery led to the AN/APT-5 and AN/APT-9 
transmitters of wnich the latter is capable of operation from 300-2500 megacycles. 
There is no doubt that the deyelopment'of these tubes was considerably speeded by 
their application to ROM problems. J 


An interesting development was the APT-1 or 'Dina* transmitter, which was 
really intended to be an improved Mandrel. In this design, an entirely different' 
approach to the problem was used, which made possible the realization of a higher 
power output for a given total input - at the same time with a type of jamming* 
signal which was more effective than any used before. * 

A separate Laboratory group was set up for the study of noise sources in an 
effort to improve on the photo-multiplier tube. Asa result of the work of this group 
a new and even better noise source using a gas tube was discovered. ’ 

Concurrently with the development of a line of relatively low power airborne 
jamming transmitters, another countermeasures problem came up namely that 
of providing a lane in which British bombers, returning from raids over Germany 
would be safe from attack by night fighters. In order to do this, enormous JammL 
powers were required, and the British became interested in a U. S. tube develop¬ 
ment which had been in progress since the early days of the war. This tube, known 
as the resnatron, had been originated at the University of California; it gave promise 
of power outputs far in excess of any previously achieved. Westtnghouse was given 
a contract for the necessary tube development, and RRL undertook to incorporate 
these tubes in a practical jamming system. 


It so worked out, that at a time when the best attainable jamming transmitters 
using conventional tubes were producing some 20 watts of energy, the resnatron 
equipment, known as “Tuba", was producing powers of the order of 1000 times 
this amount. 


This remarkable result was not achieved without a tremendous technical effort. 
The high powers involved made necessary the development of many new techniques- 
for enmple, monster waveguide 'plumbing*, including switchgear and dummy loads 
capable of dissipating large amounts of power had to be developed. In addition to 
the complications introduced by the necessity for water-cooled seals, etc the 
resnatrons had to be made tunable over a relatively wide frequency range and yet 
(arasitics. Provision for wide band modulation was also required. 

All of these considerations would normally be considered incompatible with high 
power operation! Yet Tuba incorporated them all, with an efficiency of operation 
which varied between 40 and 80 percent. The maximum power output obtained (for 
a test of short duration) was 87 kilowatts. 1 


,. . As * regult °* experience with Tuba, the possibility of achieving really 
high power jamming systems became apparent. Tuba opened up new frontiers at 
continuous-wave power at high frequencies, and although it did not see much oper¬ 
ational use as a result of a change in the tactical situation, it gave rise to other 
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Figure 26A. Artist's conception of the production Tubs equipment 
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important developments. Moreover Tuba should have important post-war applica¬ 
tions. 

Not long alter real results had been achieved with the resnatron, experiments 
showed that the power required to conceal ship targets from radar observation 
was far greater than that required lor the equivalent airborne case. 

As a result, it became apparent that the low-power airborne jammers used on 
ships and landing craft in the early days of the war would not be enough to 401 
satisfactory job at close ranges. This realization increased the priority on high 
power jamming transmitter developments, and eventually led to a one-kilowatt 
shipborne jammer known as “Elephant*. This high power jammer was made pos¬ 
sible by the development of a satisfactory tunable 10 centimeter, continuous wave 
ma gne tron - a development which would have been considered impossible before 
Tuba lifted the horizons. 

An intermediate development in this chain was the shipboard equivalent of the 
airborne 150 watt jammer - the TDY. RRL experience in designing a Laboratory 
prototype of the shipboard jammer was of great assistance to the Navy during the 
development of the TDY equipment, which became standard aboard Navy ships of 
destroyer-size on up. 

Receivers 

The first step in any countermeasures program involves listening for enemy 
radar signals. At the time the RRL was organized the only equipment available 
for this service was a search receiver equipped with hvo tuning units for the fre¬ 
quency ranges 100-300 Me and 300-1000 Me. 

These original tuning units had two tuning adjustments - one for the oscillator, 
and one for the antenna Input, with the result that they were awkward to use in 
actual practice and had many spurious responses which were often very difficult 
of interpretation. Single dial tuning units for these receivers would make a bi g 
difference in their effectiveness. RRL undertook mechanically to link the two 
controls together, in order that tuning could be carried out as in an ordinary 
home receiver. Concurrently with the development of improved tuning units, the 
development of two additional frequency ranges was undertaken; one covering 
30-100 Me and the other covering 1000-3000 Me. 

Since the production of the original receiver had been limited, and since var¬ 
ious refinements in design were possible, two completely new sets using the im¬ 
proved t u nin g unite were developed. 

These two receivers, known as the APR-1 and APR-4, went into large pro¬ 
curements by the Navy and the Army Air Forces respectively. The two eqid^ients 
were nearly alike; the chief difference being that the APR-4 was provided with a 
choice of bandwidth!. 

It was realized at the outset that the frequency ranges 1000-3000 and 3000- 
6000 Me required a new approach in receiver design. Proposals for new tuning 
unite for the APR-1 and APR-4 type receivers had all involved use of a harmonic 
of the local oscillator for conversion; this arrangement, while practicable, made 
interpretation of results more difficult in view of the increased number of possible 
spurious responses. The first step, therefore, consisted of developing! local 
oscillator capable of tuning over a high enough range of frequencies. The most 
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^ es . ign J used a lighthouse tube in a coaxial circuit. It tuned from 1000- 
3000 Me on the fundamental, and 3000-6000 Me on the second harmonic A micro- 
wave intercept receiver known as the AN/APR-5, was accordingly built around 
this oscillator. With slight modification, this receiver became the Navy’ • 
AN/SPR-2. Both receivers were manufactured and used in quantity* by the Services 
Moreover, these superheterodynes were used in preference to simpler "interim"- 
type receivers employing direct detection, such as the "Spud* or "Zero Catcher*. 

It was realized from the start that the receiving operator would not always be 
able to devote full attention to his equipment. On long missions, the effect of 
fatigue becomes extremely important. With this in mind, the Laboratory endeavored 
always to desip equipment which would be simple and easy to operate. This fore- 
slghtwas amply repaid in the case of operations carried out by B-29 aircraft, many 
of which flew missions for fifteen hours or more. An important adjunct to any 
search receiver is an automatic recorder, which makes it unnecessary for an oper¬ 
ator to pay continuous attention to his receiver. 

One of the earliest Laboratory developments was a receiver known as the 
Autosearch , which incorporated such a recorder. This receiver was intended only 
to provide a preliminary indication of the existence of radar signals and their ap¬ 
proximate frequencies, and was never used widely because it was supplanted by 
the more accurate superheterodyne receivers before quantity production got under 
**°[ eover > 016 superheterodyne search receivers could do the same job when 
fitted with a special tape recording attachment known as the APA-41. This device 
coupled to the tuning control, made a continuous record of the signals received * 
during each frequency scan; it could easily be disconnected if a more detailed study 
of a particular signal were desired. 

Satisfactory pulse analyzing and panoramic display equipment had been developed 
before the RRL case into existence. Yet most of the panoramic adapters weighed 
a good deal and were packed in large, ungainly cases which occupied more space 
than was necessary. Ri’L devised, for use in connection with its radar j ammin g 
systems, a half-SAR rac»: panoramic adapter which came to be known as *Panda* 
Simple both mechanically and electrically, this device proved eminently satisfactory 
for use with the standard search receivers, and made possible a considerable saving 
in weight and space. / 

In the early days of the countermeasures program, when the eventual trend 
was by no means clear, work was done at the RRL on a species of warning receiver 
widely used by the British to give their bombers indication of the approach of 
nig™ fighters and, in some instances, indication of their observation by German 
ground radar, particularly GCI sets. Experiments with direct detection-warning 
receivers of various kinds, some of them narrow-band and some of them relatively 
wide-band, showed that they had considerable possibilities for the application 
Ho " ever » ** tactical requirements of the u. S. AAF never caUed for 
the widespread use of devices of this sort; flak constituted their chief problem, 
since the majority of their raids were carried out in daylight in the company erf 
lighter escort. 

Whereas simple jammers and receivers would serve satisfactorily at the 

0,11 “ *** higher radar frequencies were approached, 
®®° “ c abov *. technical requirements on a jamming system 
■ (a mir,o J ^ Increased, ft is much more difficult, for example, to keep 

“ frequency in the S-band, in view of the greater tendency for both 
adar and jammer to drift enough to put most of the jamm'ng signal outside the 
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radar receiver acceptance band. Moreover, the difficulty of carrying out barrage 
jamming at the higher frequencies made it desirable to design transmitters for 
spot jamming use only - that is, for relatively narrow band operation. As a con¬ 
sequence, RRL jammers for the 1000-2500 Me range (AN/APQ-21) as well as feur 
the 2000-4000 Me range (AN/APQ-27) were designed insofar as possible to function 
as integrated systems consisting of transmitter, receiver, pulse analyser ana 
iVcquency-setting equipment. 

The culmination of this trend is represented by the ‘Elephant* development. 

•ilt early In 1945, this one-kilowatt, 10-centimeter equipment incorporated the 
latest ideas on the design of jamming systems. It was provided with two complete 
receiving sets, one of which was used for searching, while the other was used for 
-ettinc the jammer and maintaining it on the proper frequency. The receiver used 
~Tor searching was arranged to scan a relatively wide section of a total spectrum, 
anci to present the output information gaircd on a panoramic display 
As soon as a receiver was switched over to spot-jamming, the bandwidth of the 
scan was considerably reduced so that a more accurate display wood be available 
to set the jammer on the desired channel. 

Antennas 

Since radar countermeasures transmitters must be capable of operating at 
whatever frequencies may be selected by the enemy, the antennas to go with these 
transmitters should preferably operate over as wide a range of lr«pencies ^as 
possible. In this way, the operating frequency may be changed without returning 
the an’enna or switching over to a new one. 

In the early days of the Laboratory, this problem was clearly recognized, and 
a program of designing and developing countermeasures antennas “J"** * 
bandwidth as possible was begun. However, for the sake of speed, 
went ahead with the procurement of certain interim RCM antennas which, because 
of their narrow bandwidth, had to be cut to the frequency at which the associated 
transmitter was' to be used. 

Prior to the war, there had been little reason to develop antennas for wide¬ 
band operation. The requirements of television, radar and multi-channelJHF 
were all satisfied by radiators capable of operating over a 10 per cent frequency 
range Yet some of the designs worked out for these three applications proved to 
be useful in the case of RCM. Low frequency countermeasures transmitters were 
used with the thick sword-type stubs originally designed for use with VHF to the 
100 Me frequency range. From television came the cone antenna design widely 
used for RCM receivers. RRL did much basic research work into the bandwidth 
achievable with thiB type of antenna. 

After considerable liaison work and study of current practice, RRL adopted 
a 50 ohm impedance as the standard for antenna feed cables. For transmitters, 
a 2-to-l voltage standing wave ratio (abbreviated VSWR) at the antenna was con¬ 
sidered the maximum allowable mismatch for proper operation. In the case of 
receiving antennas, however, a maximum VSWR of 5 to 1 was allowed. 

The Laboratory developed cone receiving and transmitting antennas capable 
of a S to 1 frequency ratio - from 300 to 1000 Me. Further research showed that 
tois excellent performance could be bettered by careful attenttoa to the design at 
the taper between the transmission line and the antenna feed point. A similar re- 
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ceiving antenna was then, produced, which would operate over the phenomenally 
large frequency range from 300 to 3000 Me - a 10 to 1 frequency ratio. 

Most of the early RCM antennas were designed to be one-quarter wavelength 
long at their lowest frequency of operation, and were consequently used with 
ground screens or surfaces. This came about both because the first application 
of countermeasures equipment was in aircraft, and because early intelligence in¬ 
formation indicated that the majority, if not all, of the German radars were verti¬ 
cally polarized. In order to jam an early-warning set in the 100 Me frequency 
range, it is only necessary to mount a quarter-wave stub on the bottom of the air¬ 
craft so that lt.projects straight down. 

In the case of ships, however, the problem was somewhat different. In the 
first place, ships do not have conveniently located surfaces which might be used 
tor ground planes. In order to give a more or less non-directional receiving 
pattern, dipole antennas had to be used. These dipoles were made up of thickened 
stubs and cone antennas operated back to back, and while the coverage was not 
perfect, they were suitable as interim devices. 

When it was found that the size of ship targets made much greater jamming 
powers necessary, it was apparent that some directivity and hence power gain, 
should be provided by the antenna system itself, in view of the difficulty of obtain¬ 
ing sufficient RF energy at radar frequencies. Yet the transmitting beam could 
not be too sharp in a vertical direction, because motion of the ship might Ult it 
above or below the target. A design was arrived at which was eventually used very 
widely by the Navy. It consisted of a series of corner-reflector-type directional 
antennas on rotatable mounts. The direction in which the mount and consequently 
the antennas pointed could be remotely controlled from the countermeasures 
room. A wide frequency range was covered by mounting two or more antennas 
(some back to back) on the same mount. Still further extension of the operating 
range could be accomplished by removing the dipole assembly at each corner re¬ 
flector, and substituting a different one. 

The dipole elements used in these corner reflector type antennas were of the 
'sleeve'type. While this design did not provide as wide a frequency coverage as 
the thick cones, it was much more compact and more readily mounted in a prac¬ 
tical transmitting system. RRL greatly extended the possibilities of the sleeve 
antenna design which had been used only to a slig.it extent for television work 
before the war. 

Protection of aircraft from enemy gun-laying radar requires that the antenna 
direct the majority of the transmitted energy downward and slightly in front of 
the aircraft.' The most desirable antenna pattern is one which follows a cosecant- 
squared law, so that the jamming energy received by a radar on the ground in¬ 
creases as the plane approaches, in exactly the same amount as the echo returned 
to the radar from the plane. In this way, a constant jam-to-signal ratio is main¬ 
tained and the jammer power is used as economically as possible. 

The German gun-laying radars introduced an additional problem as well. Al¬ 
though the early Wuraburgs did not have them, later models were equipped with 
transmitting dipoles which were slightly offset from the center of the parabolic 
antenna and rapidly rotated in order to obtain a rotating directivity pattern for \ 
lobe-switching. Since the radar antenna routes, the polarization of the signal re¬ 
ceived at a Urget is constantly changing through 360 degrees at the lobe-switching 
rate. If plane polarized jamming (such as that obUmed from the early Carpet 
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transmitters) is used against such a radar, the jamming will n°t he complete^ 
the radar cannot pick up the jamming signal when the radar s an^nna is oriented 
at right angles to the jammer antenna. 

This oossibiUtv was recognized by RRL as soon as the German use of rotating 

' production and installation effort the Germans put.into^theu* 
was thus completely nullified. In addition, the fishhook (AS- 69/APT) provide^, me 
cosecant squared antenna pattern desired for use against gun-toying radar. Fis 
hooks were supplied as standard equipment with the volume shipments of Carpet 
transmitters sent to the European theater. 

The Pacific countermeasures problem differed from the European one m that 
relatively low frequency radars were used, - radars whose polaxisaUon was pr 
dominantly horizontal. To achieve a downward-looking pattern, the Fishhooktype 
impractical in aew of the size of the antenna elements at thosetre- 

?! , Yet it was necessary to enable an aircraft to transmit a horizontally 
polarized Jmmlng n^al wS had a rough maximum in the forward direction and 
SThich gave coverage all around the horizon. This problem was solved by moun wg 
two horizontal quiiter-wave stub antennas - bent backward at an angle of 45 <leg. 
on either side of the airplane’s fuselage. When fed out of phase, these ^ “‘^ nas 
functioned in much the same manner as a dipole, giving a horizontally ^Uriz^d 
signal which was strong in the forward direction. The btelwud rjte oMte 
filled in the nulls olf the sides of the plane, giving a horizontally polarized coverage 
pattern which was remarkably complete. The technical problem involved in feeding 
the two antennas out of phase was solved by means of a 

, „ railed the “Bazooka In its original form essentially a single irequen y 

devTce tai Bazooka^rredesi^iU to £ve satisfactory balance over a frequency 
range commensurate with that covered by the antennas themselves. 

Later on in the war, high speed aircraft received a very considerable amount 
of attention from the Services. Jet-assisted bombers and fighters, operating 

in the maximum speed even in the case of B-29 aircraft. 

This problem was attacked at RRL in two general ways. It was f °““?‘J* 1 ** 
increasing the ‘fineness ratio* of stub antennas (that is, the ratio of width to 
thickness) the drag could be very considerably reduced. Moreover, slot-type 

developed which pve satisfactory radiation patterns over a remark- 
ablywide band of frequencies without requiring any projection outside the skin of 
the aircraft whatever. 

verv remarkable developments made possible the realization of satisfactory 
lamming^antennas for use at microwave frequencies. Circutar polarization was 
JJJXk since many microwave radars have spinning dipole antennas. At the 
* 1 AMraiinn Av*r a wide freQuency rang* was desirable, provided thftt 

ta^shape of toe antenna pattern and the circularity of pola-ization did not change 
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too seriously In the process. Any one of these requirements alone would have been 
difficult to meet by means of pre-war techniques - yet all were actually satisfied 
in one design, a horn-type antenna used with the APQ-27 and other microwave 
systems. The M2903 horn is capable of operation over a 2 to 1 frequency range 
with approximately constant feedpoint impedance, circularity of polarization 
antenna pattern. ’ 


Direction Finders 

Radar equipments, like all radio stations, can be located by means of direction 
finders. However, when RRL first began work on radar direction finders, it was 
not at all clear how they would be used in actual operational practice. This was 
purely apart from the technical problems inherent in their design which were not 
Inconsiderable since the highest frequencies at which radio direction finders had 
been made to operate successfully before the war was of the order of 120 Me. It 
was necessary in working out the equipment to do the job, to envision at the same 
time the military tactic or situation in which the equipment would eventually have 
to be used. Since neither the Armed Forces nor the civilian researchers had had 
much experience with problems of this sort, the fact that they were worked out to 
everyone s satisfaction in the end is another important result of the close cooper¬ 
ation which existed between the Services and RRL staff members. 

As might be expected, airplanes and ships proved to be the best vehicles for 
radar direction finders. In the case of aircraft, two general types of operations 
involving direction finders proved to be the most common, and these called for 
the development of two different kinds of direction finding equipment. 

If it is desired to proceed directly to a radar in order to destroy it, homing 
equipment will suffice. Simpler in design because only a fixed antenna is used 
homing equipment was employed in the Pacific theater by I3th Air Force B-2S*s 
which hunted down isolated Japanese early warning radars and destroyed them by 
gun- and rocket-fire. A satisfactory homing system for use in fighter planes, 
known as AN/APA-48, was crash-produced for use by U. S. carrier aircraft.’ 

This equipment, which was being placed in service when the war ended, was to 
have been used to locate Japanese radar-equipped 'snooper* planes which had a 
habit of tracking our task forces from a distance just outside the range of U S. 
ship radars. 

However, homing technique is impractical when the intention is simply to 
locate a radar. Direction finders with movable antennas make it possible for 
planes to plot the location of a radar from data taken while the plane flies a known 
course in its vicinity. Direction finders of this type, widely used by radar-hunting 
Ferret planes, were also carried on bombing aircraft and successfully u sed to 
locate radars during regular bombing strikes. The technique was especially use¬ 
ful in the case of long B-29 missions where detailed Ferreting on the part of a 
single aircraft would have been impractical. 

Satisfactory direction finders were developed at RRL for all the commonly 
used radar frequency ranges. A simple system - known as the AN/APA-24 - 
using dipole-type antenna elements, was developed for the lower frequencies. 
Provided with a series of plug-in interchangeable heads, the AN/APA-24 covered 
from 70 to 400 megacycles. Capable of good results at the lower frequencies the 
A PA-24 was nevertheless compact enough to permit mounting on high speed air¬ 
craft like the B-29’s. Although a null-type device, the APA-24 was nevertheless 
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Figure 33. Twin stubs raked backward and fed through 
horizontally polarised signal with maximum foi 
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two radars nnoran^ tul *s creen thus making it possible to disting uis h between 
sT,nf, Tf, itins 00 “* same frequency, and located not tar 

extending the range up to 10,000 Me, were in procurement. J 

. 0ne J n ‘ ere 4 st “K application of these direcUon tinders was their use b* the— 

use their APA-17 s to warn them of their approach towards an enemy flak battery. 

The shipborne version of the AN/APA-17 was known as the DBM direction 

150 Me U D S toMM M ad c “* C ° Verage 01 this ****** extended from roughly 
*?,? P to Mc * Extension of the range to 10,000 Me was in proeresfaf the 
finder J diMicu, ‘ P r ^lems involving the mounting «£££££ 

finders aboard ship had to be solved before they could be sa^toctonl? 

However tests showed that the problems could be solved. SthS? 

equipments were installed aboard Naval craft. J °* “*** 

Test Equipment 

RRL has always considered the development of adequate test eouinment > «h 
of importance equal to that of the development of the prSS equimSSK A 

TC-47/APR tef^ 1 ^“!.° r * * 1S0 wen ‘ lnt0 procurement/The 

assilmnre R nf rL? ltat0r ’ develo P ed b F the General Radio Company with the 
assistance of RRL engineers, and handled as an RCM item by the RRL TransiHnn 

pertinent, was designed for checking the performance of AN/APR-1 ai*i am/adb a 

srr 1 -'•«-—i-^sssssirisssMv 

war - 1 wSSShf t^S?*. 11 * - th * quanUty orders d » d »<* come untU late in the 

war, when the test equipment was most needed i* the field it was seldom/Ifl. 

For example, barrage jamming transmitters lor the invasion of Southern 
were largely set on frequency by means of two or three Fr * nc# 

type frequency meters carried as personal property by RRL ted£h^ ) ^®“® ercUl - 
One basic difficulty was the fact tlTt test eqSpmen?alwa« e^S^r"* 
than the prime equipment it was designed to test. Anothef dif£Sj w 
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of attempting to save effort by consolidating test equipments,designing each to 
service more than one type of equipment. This had tl c effect of slowing test 
equipment procurement down to the pace of the slowest prime equipment; RCU 
designers, as a consequence, had difficulty in seeing their test equipment into 
procurement even though the developments were ready in time. 


Anti-Jamming 


It was realized in the very beginning that anti-jamming research would be an 
important part of the overall countermeasures job. In the early days, when the 
Laboratory was endeavoring to find out what could be done to jam radars, it wic 
equally important for the Laboratory to know what could be done to unjam them. 
Moreover, the early studies of jamming on various oscilloscope presentations 
(which had made possible the selection of the most effective type of jamming 
modulation), were not sufficient to determine the relative vulnerability to jamming 
of complete radar systems. For this reason, the Laboratory undertook to obtain, 
set up and operate samples of various radars in operational use. As soon as the 
first of these was in operation, a thorough investigation of the mechanics of 
jamming was carried out. It was soon found that the curious radar scope patterns 
caused by different kinds of jamming signals each had a logical explanation. This 
information served as a basis for operator training and for studies of circuits 
which could reduce the effects of jamming. 

It was realized at once that operator training is a very important part of anti¬ 
jamming work. When confronted with new and unexpected equipment behavior, the 
normal reaction of the green operator is to shut down and look for trouble. How¬ 
ever, if he is expecting jamming and knows what kind of effect it will have on his 
equipment, he wUl not be rattled, but will stay on the job, and may still get a good 
deal of information out of his radar. 

In this realization a program of Service education was undertaken by the Lab¬ 
oratory. This was accomplished by means of various training aids - reports and 
technical manuals, motion pictures (valuable because they illustrate moving or 
changing patterns), training signal generators (i.e., signal generators with pro¬ 
vision for various types of jamming signals), and training jammers (i.e., full 
power jammers also equipped with many types of modulation). Using these and 
other aids, RRL representatives carried out many demonstrations of counter¬ 
measures at Army and Navy operating sites and training schools, as well as at 
the Laboratory Itself. 


As a result of this work, the Services soon became aware of the possibilities 
of countermeasures and anti-jamming. The Army published a series of training 
pamphlets for radar operations. The Navy prepared training motion picture films, 
showing the effect of countermeasures on typical Navy radars. At Pearl Harbor, 
an extensive fleet operator training program was undertaken, and joint Army-Navy 
jamming exercises were carried out. When the Japanese began'using Window during 
the later stages of the Pacific war, U. S. Navy radar operators were well prepared. 

In addition to fundamental studies of anti-jamming, RRL undertook a program 
of Investigating the specific vulnerability of various radars in common use. In a 
few cases, these studies brought to light some unsuspected and easily corrected 
vulnerability in certain specific radars. For example, it was found that the ability 
of the SCR-268 to track in elevation and azimuth could easily be thrown off by a 
very small amount of continuous wave jamming coming from a source not exactly 
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Figure 34. TDY-1A 10 Cm, circularly polarized 
rotatable jamming antenna (cutaway view) 
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Figure 35. Components of AN/APA-17 rotating reflector direction finder 
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A working agreement was reached with the Radiation Laboratory, whereby RRL 
was responsible for A/] studies in the case ol low frequency radars, and micro- 
wave radars not designed at the Radiation Laboratory. In the case of the radars 
for which it was responsible, RRL carried out basic studies and designed simple 
ai ti-jamming attachments in cases where this was feasible. 


In general, microwave radars were found to be less vulnerable to jamming 
than long wave radars. They are relatively susceptible to jamming at the image 
frequency, however, because of the low radio-frequency selectivity of most micro- 
wave receivers. As might be expected, the PPl-type radar display »s much more 
easily jammed than the standard A scope; in fact, operators were urged to use the 
latter as much as possible whenever jamming was encountered. Microwave auto¬ 
matic gun-laying equipments were found to be somewhat more susceptible to jam¬ 
ming than ordinary radars, due to the increased complexity of these equipments. 
RRL also made studies of radar glide bombs such as the “Pelican* equipment, 
which was found to be quite susceptible to ja mm i n g. 


As a result of its work in the A/] field, RRL learned the limitations of anti¬ 
jamming and learned to what extent our own jamming could be made ineffective. 

In this way, certain plausible but, from an A/] standpoint, ineffective types of 
jamming modulation were avoided. In the end, it can be stated that the best anti¬ 
jamming is simply good engineering design and the spreading of the operating 
frequencies. The plug-in attachments which were used to improve the performance 
of some radars in the presence of jamming, in reality merely corrected for de¬ 
partures from good engineering practice. >•. 

The procurement of training equipment, like that of test equipment, was found 
to lag in a most unsatisfactory way. Very few of the RRL developments in the 
training equipment field were actually procured by the Service in any quantity as 
a result of the low priority enjoyed by this type of equipment. For example, it 
was almost impossible to obtain jamming transmitters for conversion to training 
jammers, since the jammers themselves were in such great demand on the part 
of the operating forces. However, the idea of operational countermeasures train¬ 
ing was aggressively followed by the Services and in many instances, the necessary 
training equipment was improvised on the spot by field personnel. 
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VI. HOW THE WORK WAS DONE 


Conduct of the Research 

When the Laboratory was set up, the research program was broken down into 
certain well-defined categories, such as receivers, transmitters, microwave, 
anti-jamming, etc. An effort was made to find a Senior Staff member whose ex¬ 
perience and abilities fitted him for the direction of a group specializing in each 
category. The group leaders reported to the Director, and the direction of the 
Laboratory s program was worked out at meetings of the group leaders (under the 
chairmanship of the Director^which came to be known as Senior Staff Meetings. 
The volume of business soon required that the meetings be of two types - one hr 
which business matters were discussed, and the other in which the technical pro¬ 
gram was considered. 


However, as the size of the Laboratory increased, the number of groups multi¬ 
plied, and the size of the Senior Staff Meeting increased to the point where effective 
action at these meetings became difficult. This was the situation early in 1943; at 
that time. Service interest in the Laboratory was increasing rapidly, and Service 
project requests were being formalized and transmitted to the Laboratory through 
channels which were, for the first time, being established. 

In order to coordinate and evaluate these incoming project requests, as well 
as to broaden the basis for making decisions, the Laboratory's Project Committee 
was set up in May, 1943. It was the task of this Committee to review each incoming 
project in the light of the Laboratory’s existing work load, and to indicate the 
priority which should be assigned by the individual group in carrying out the work. 
All projects originating within the Laboratory were reported to this committee 
for their consideration, in the same manner as incoming projects requested by the 
Services. 

At first, the Project Committee did not exercise a particularly strict control 
over Laboratory activities. When the Laboratory had first got under way, its 
assignment had been so incompletely defined that many of the research personnel 
were obliged to make their own decisions concerning desirable projects, and to go 
ahead with these without regard to Service interest It was found that virtually 
every worth-while project eventually received the desired Service inte re s t. 

However, as time went on and the Laboratory’s program became more clearly 
defined, the control exercised by the Project Committee gradually increased. An 
Important factor in this circumstance was the perennial shortage of shop and 
drafting man-hours which made close scheduling necessary for greatest effective¬ 
ness. The Project Committee, by allocating shop and drafting schedules and 
priorities, exerted t considerable influence on the course of the research work in 
the Laboratory. 

The Project Committee also served as a central clearing house for infor mation 
affecting the Laboratory program. Copies of teleprinter conference wimitt re¬ 
ports of liaison representatives, letters from Technical Observers, etc- were 
circulated to members of this committee. In this way, the co mmi ttee was kept 
abreast cfchanging Service requirements, and other changes in the overall program. 
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As the number of individual Laboratory groups still further increased, it be¬ 
came necessary to delegate more of the Director’s responsibilities. The ™»<» 
branches of the Laboratory's activities were consequently broken down Into divi¬ 
sions, which included one or more groups. Such divisions included the Transmitter 
Division, the Receiver Division, the Production Division, etc. Heads of the divisions 
were represented on important committees which, in turn, were m»H»r the chair¬ 
manship of the Director. 

Much of the Laboratory’s technical program was worked out in rnn»mm» » 
meetings. In the Transmitter Committee, the status of the Laboratory's trans¬ 
mitter development program was periodically reviewed and the capabilities of the 
Laboratory equipment considered in the light of existing or probable Service re¬ 
quirements. The Receiver Committee served a similar function, as did a Test 
Instrument Committee. During the latter stages of the war, when the Laboratory^ 
emphasis shifted increasingly to short-range projects aimed at assisting in the 
operational use of RCM equipment In the field, a Field Test Committee and then s 
Field Division was formed which coordinated this phase of the Laboratory’s work 
and maintained contact with the Laboratory’s field stations in Bedford and Florida. 

In general, while details of the program were decided at the technical committee 
meetings, overall Laboratory policies were decided at the Project Committee and, for 
a time, at what was known as an "Executive Committee" modeled after steering committees 
found in other organizations. The Executive Committee considered administrative 
matters such as personnel policies, etc. This committee eventually became inactive 
and was succeeded by a smaller Management Committee composed of the Director, 
Associate Director, Executive Engineer, and Business Manager. The Division 15 
Technical Aide participated in all committee discussions as a welcome "guest”. 

To coordinate the Laboratory's equipment development program, Mr. John F. 
Byrne was named Executive Engineer in the fall of 1943. Reporting directly to 
him were the majority of the groups In which apparatus was being developed for 
production. The choice of Mr. Byrne as Executive Engineer was a happy one in 
view of his extensive experience in Industry, which proved invaluable to the 
Laboratory. 


Liaison 

Civilian-controlled war research laboratories, such as RRL, are in a position 
to make a unique contribution in wartime. In contrast with laboratories operated 
by the military: 

(1) A civilian organization can serve all branches of the Service in 
accordance with their greatest need. 

(2) Civilian status makes possible dealing with the military at all 
levels in the chain of command. 

(3) Freedom from travel quotas and other restrictions makes for 
greater mobility - civilians have less difficulty in traveling 
wherever their duty requires. 

The above circumstances represent tremendous privileges which are clearly 
not to be abused. If properly taken advantage of, however, these privileges can 
make the wartime contribution of a civilian research organization many Hm— 
more effective than would otherwise be the case. 
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It was (ound, early in the history of RRL, that in order to carry out an intelli¬ 
gent program, a tremendous amount of contact work was required. Not only was It 
necessary to keep abreast with new technical developments in the field; it was 
necessary to find out a thousand other things with a bearing on the program as well. 

In the early days <Jf the Laboratory, the immediate problem was to find out 
what if anything, could be done with radar countermeasures. It was by no means 
clear that a single black box carried in an airplane could actually protect that air¬ 
plane against radar observation. Contact with research organizations in the field 
was in general, sufficient for the direction of the Laboratory s program. Con¬ 
sultation with Service officers was less important since in most cases they them¬ 
selves were new in their Jobs and - like the researchers - not too weU acquainted 
with the possibilities of RCM. 

In those days, many valuable contacts resulted from trips made to other 
Service laboratories. Meetings of Service and NDRC committees (such as the 
Countermeasures Committee, which served a useful function as a central coordi¬ 
nating and policy-making body) provided Laboratory personnel with opportunities 
for informal contact with those connected with the various phases of the RCM 
program. 

By the early spring of 1943, well after the Laboratory's first three develop¬ 
ments (Autosearch, Mandrel, Carpet), had gone into procurement, the complexion 
of the overall liaison problem began to change. In terms of research personnel, 
the Laboratory was at one-hall its final strength in January of that year. The pace 
of the work was rapidly increasing, and new developments began to appear at a 
correspondingly greater rate. Moreover, the armed Services were acquiring a 
greater awareness of the importance and the possibilities of RCM; the number of 
agencies interested in RCM Increased; project requests began to pour in, and 
project officers became frequent visitors of the Laboratory. The enhanced scale 
of activity multiplied the number of technical decisions to be made, and the increased 
Service interest brought to light many questions of policy and program direction. 

In order to handle systematically this increased Service interest, as well as 
to assist with the formulation of a Laboratory program that would serve the best 
interests of all branches of the Services, certain additional steps were taken. Ax 
RRL liaison office was set up, to serve as the nucleus of the Laboratory s liaison 
activities, and to maintain contact with the many Service agencies now affecting the 
RCM program. Not long thereafter, Mr. A. E. Cullum, Jr., who was responsible 
for the Labor atory's liaison activities, was accredited to the office ot Dr. E. L. 
Bowles, Special Consultant to the Secretary of War, thus placing RRL s relation¬ 
ship with Army agencies on a more formal and official basis than had previously 

existed. 

I / 

For the benefit of Service project officers whose busine^ took them to RRL, 
a regular series of 'Informal Liaison Conferences" were begun at the Laboratory 
in February, 1943. These conferences, which'were attended by representatives 
of all the interested Service branches, provided excellent opportunities for the 
review of Laboratory developments in the light of the varying Service requirements. 
Thus it was often found that specific RCM developments, as was the case with many 
other electronic equipments, could often be used by all branches of the Army and 
Navy with very little modification. 

Since the Service Interest in, and demand for, RRL developments often far 
exceeded the Laboratory’s ability to translate .the requirements into specific 
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equipments, the Liaison Conferences provided a place at which the priorities to be 
assigned various phases of the Laboratory's work could be reviewed. 1 b this way, 
for example, if satisfaction of an urgent Navy requirement meant delay to a develop¬ 
ment being carried out for the Army, the matter could be reviewed and Army con¬ 
currence obtained. 

The need for frequent Liaison Conferences increased as the war went oo and 
the design of many of the basic RCM developments became frozen. These meetings 
were eventually replaced by informal evening gatherings in Washington which came 
to be known as “smoke-filled sessions.* At these meetings, key Service and Lab¬ 
oratory personnel met to discuss the general direction of the countermeasures 
program in the light of the current war situation. 

In 1943, as more and more RRL equipment passed through the manufacturing 
stage and went into operational use, the requirements for systematic liaison con¬ 
siderably Increased. It was found, for example, that the chain of activities through 
which RRL developments had to pass between the research stage and their appear¬ 
ance in the field, was far longer than had been anticipated. Moreover, the normal 
Service reorganizations and shiftings of command required constant monitoring. 

To give some idea of the complexity of the problem Involved, a typical RCM 
development, after leaving RRL, would be sent to a Service Laboratory for a per¬ 
formance test. If it met the electrical requirements, a contract would then be let 
to a manufacturer, which would eventually result in the appearance of a manufac¬ 
turer's prototype. This prototype itself then had to be tested for mechanical strength, 
shock, vibration, etc., before the full scale production could get underway. After 
that, the production equipments had to be shipped through a variety of depots before 
being sent overseas. At some of these depots, such things as accessories, spare 
parts, etc., were added; at others, they were boxed for overseas shipment. At any 
point in this long chain of events, the slightest slip-up could mean delay to equip¬ 
ment vitally needed in the operating theaters. 

By maintaining contact with its developments at every stage, from testing of 
the prototype to shipment of the final packaged equipment overseas, the Laboratory 
was able, in many instances, to assist and expedite matters. Here the relative 
mobility of civilians proved invaluable. Apparently harmless delays and bottlenecks, 
which might develop at some step in the chain far down the line, would not normally 
reach the attention of the officers charged with overall responsibility for the pro¬ 
gram. Civilians, however, were in a position, when it was appropriate, to call 
difficulties to the attention of those concerned, and thus to obtain quick action. 

Another valuable service rendered by Liaison personnel was the matter of co¬ 
ordinating project requests. In view of their number, new requests had to be scru¬ 
tinized with care to determine their relative importance and priority in relation t» 
the rest of the Laboratory program. A tremendous amount evaluation had to bet 
carried out, since it was perfectly possible for a Junior offiter in the field to orig¬ 
inate a requirement to Washington, signed by the theater c< nmander, for a de¬ 
velopment based on incomplete or misleading information. These theater requests 
could not, of course, be ignored, and were usually sent on to the NDRC. In each 
case, Laboratory Liaison representatives saw to it that a thorough study of the 
merits and demerits of each request was made, and that the Laboratory's decision 
on the basis of these results was promptly reported back to the originating agency 
for transmission to the theater. 
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The extreme secrecy which surrounded the radar countermeasures program 
from the very start, made it necessary that a considerable amount of indoctrination 
be carried out as countermeasures equipment traveled down the long pipeline 
between the Laboratory and the field. In addition to assisting manufacturers in 
every way possible, the Laboratory was able to save much time, trouble and con¬ 
fusion by contacting training, supply,and installation agencies concerned with the 
RCM program, and by keeping them informed of the latest developments. 

It frequently happened that Service plans for the use of a particular development 
would change without warning, sometimes without the knowledge of the Service 
agency which had originally made the request to the Laboratory. Decisions of this 
sort wsre not infrequently based on incomplete technical information and on an 
incomplete- understanding of the purpose for which the development was intended. 

By keeping in touch with the progress of Laboratory developments at every stage 
in their career, RRL was able to render a great service in preventing misunder¬ 
standing and in straightening out difficulties in a minimum of time. As an example, 
procurement of one of the Laboratory’s Jamming transmitters was at one time 
cancelled by the Services on the basis of inadequate information in regard to the 
power output and the proposed application of this equipment. 

As the war went on, and more and more RCM equipment arrived in the field, 
the need for field assistance greatly increased, and the number of RRL personnel 
on duty overseas became proportionately larger. Consequently, a need arose to 
coordinate their activities and to secure quick action at home on the basis of their 
findings. Here again, organized liaison played an important part. 

Of Inestimable value to the program as a whole were the overseas teletype¬ 
writer conferences, carried out at regular intervals from Army Air Force Head¬ 
quarters in Washington, D. C. These conferences with Important field headquarters 
such as United States Strategic Air Forces in Europe, etc., gave those at home an 
up-to-date, clear picture of theater problems and requirements, and at the same 
time provided the eventual consumers of countermeasures equipment with the latest 
data on developments at home. In addition to these conferences, RRL technical 
Observers overseas made a series of regular reports to the Office of the Air Com¬ 
munications Officer. As a result of the follow-up provided by the Laboratory, 

» irh rrl representative on foreign duty could rest assured that questions raised 
in his reports either written or teletype, would receive considered attention at the 
Laboratory and would also be relayed to the appropriate Service organization for 
action. 

A classic example of the usefulness of an organized Liaison activity is to be 
found in the story of the assistance rendered to the United States Strategic Air 
Forces in Europe in connection with the supply of Carpet Jamming transmitters. 

The first of these had been shipped to the theater in the summer of 1943, and had 
immediately proved their effectiveness in combat Quantity orders followed im¬ 
mediately thereafter. The 8th Bomber Command, which in 1943 was at approximately 
one-third full strength, was brought up to its final size by June of 1944. With more 
than 3,000 first-line heavy bombers oo hand, the 8th Air Force had at its disposal 
in August, 1944, no more than 250 operational Carpet Jamming transmitters which, 
for best results, should be carried one-to-a-planel 

Tet a cco r ding to information received from the manufacturers, some 4,000 
Carpet transmitters had been delivered in the United States. Two reasons were 
eventually discovered for their non-delivery to Europe; one was a general lack of 
understanding of the chain through which manufactured equipments had to pass before 
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their deliver; to the theater. The other was a specific ‘bottleneck* in the supply 
organization whereby the shipment of thousands of countermeasures equipments w*s 
handled as a sideline. In the summer of 1944, Radio Research Laboratory Liaison 
representatives carried out a detailed study of the causes for the delays being en¬ 
countered in the shipment of Carpets to Europe. When their findings were called 
to the attention of the officers responsible for the various phases of the supply 
act! vity,immed late and very gratifying action was taken. Shipments from ware¬ 
houses to depots were expedited, and a system of control set up whereby responsible 
officers in Washington could maintain a day-by-day check on the flow of equipment 
to the field. Meanwhile, in the ETO, plans had been made for the expedited h a ndlin g 
of the equipment when it reached the theater, and by October, 1944, a substantial 
proportion of the 8th Air Force was equipped with the long-awaited ja mm ing equip¬ 
ment. By November and December of that year, every heavy bomber based in 
Britain was equipped with one and in most cases two, of these jamming transmitters. 
The havoc these equipments raised with the German radar fire-control apparatus 
is described in Chapter VII. 

Still later in the Laboratory's career, when the eventual outcome of the war 
became more or less obvious, the direction of the Laboratory’s effort was shifted 
from long-range research to those shorter-range projects which still held the 
prospect of seeing service in time. The need for liaison was still further increased 
since it became imperative that the delay between the formulation of a need or re¬ 
quirement and its satisfaction, be cut to the minimum. As the number of reports 
from agencies employing RCM equipments in the field increased, the flow of this 
material to Washington became so large that in many instances it became physically 
impossible for the agencies interested in RCM to pass along data of interest to the 
Laboratory. Early in 1945, the Laboratory increased the scale of its Washington 
liaison activities in order to take these factors into account. In this way, the Lab¬ 
oratory was kept well enough informed to take quick and effective action. 

The internal procedure for handling the vast amount of information brought 
to light by the Laboratory’s formal and informal Liaison activities hinged around 
the RRL Project Committee. Each Laboratory representative attending meetings, 
or making visits where matters of general interest to the Laboratory were dis¬ 
cussed, wrote up the significant points in the form of a memorandum to the Project 
Committee. This committee, meeting weekly, then reviewed each memorandum 
with its author so that the points raised could be discussed with those responsible 
for the overall direction of the Laboratory's program. Information received by the 
Committee was also widely circulated within the Laboratory. 

It was an established Laboratory policy not to act on behalf of one branch of 
the Services without consulting the others, since all branches were affected to 
some extent by almost any action. Of great assistance to this procedure was an 
additional Laboratory policy to keep supplying the Services with the latest technical 
information, through the medium of conferences, personal visits, plume cadis, etc., 
thus keeping Service thinking up-to-date in terms of technical realities. By acting 
on behalf of all branch*!!, RRL was often able to serve as a catalyst, or means of 
crystallizing a joint Service program. 

The Laboratory always considered it a basic assignment to see that a plan of 
action existed, and then to make sure that action was taken according to that plan. 

If RRL had a proposal, it would be brought to the attention of all branches of the 
Services concerned, and a decision requested. If the proposal was rejected, the 
matter was dropped. If the proposal was accepted, the Laboratory made sure that 
the plan was fully implemented. 
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As time went on, Service confidence In RRL's technical judgment steadily In¬ 
creased. In this connection, the RRL Test Laboratory played an important part 
by standardizing measurements and specifications, thus enabling RRL representa¬ 
tives to make technical statements of demonstrable accuracy. 

Moreover, when RRL was required to reject a Service request, a special effort 
was made to acquaint all those concerned with the reasons for the negative answer. 
In time, many of the Service agencies gained confidence in RRL's judgment and 
accepted the Laboratory's decisions without question. 

RRL came to be consulted Informally, as well. As a result of discussions 
with RRL representatives, mutual agreements were often arrived at informally. 
When these agreements were later implemented with formal correspondence, all 
concerned were in complete understanding in regard to the intention of the corre¬ 
spondence. In this way, time was saved and misunderstandings were avoided. 

Transition 

Of importance equal to the task of developing new equipment, is the matter of 
placing the equipment in production in the shortest possible time, for the value of 
a research laboratory's contribution to the war effort is properly measured by the 
number of developments which actually saw service, rather than by the total number 
of developments completed. This criterion, of course, is a severe one in the case 
of a rapidly changing field such as countermeasures, in which the need for new de¬ 
velopments depended on two tactical situations • United States and the enemy - in¬ 
stead of just one. In this way, the chances were doubled that the need for a new 
development might evaporate in the time required to place it in service in the field. 
Consequently, it was an RRL policy to help with the introduction of its developments 
whenever possible. It has been found that a development agency such as RRL can 
provide extra assistance in expediting production of new equipment in the following 
ways: 

First, the number of equipments to be manufactured - that is, the Service re¬ 
quirements for a new development • can seldom be properly formulated without a 
trial of that new equipment in the field. By supplying models which can be tested 
by the operating commands in the various theaters, it is possible to determine 
their usefulness, and the number which will eventually be required, without waiting 
tor the regular production to come along. 

Second, In cases where an urgent operational need exists for small quantities 
of new equipment which cannot be obtained in time through any regular production, 
the development laboratory can frequently render an important service by hand- 
building a few models for expedited shipment to the field. These are known as 
"crash* programs. 

Third, the production of any new electronic development, especially those em¬ 
ploying techniques different from those common in the industry prior tc the war, 
ran be aided by giving the manufacturer technical assistance. The developing 
igencies can render a valuable service here an well. 

The NDRC, recognizing the Importance of these considerations early in its 
history, had, by 1942, awell-defined*Transltion* program and organization. More¬ 
over, in 1949. previous informal consulting work was formalized In a statement 
setting up a "Consultant Advisory Service*. According to this plan, the develop¬ 
ment agencies would render consultant or advisory service to the Services upon 
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receipt of a formal request for aid in manufacturing a particular product. Certain 
specified procedures would then be followed. The RCM program, with its greater- 
than-usual requirement for speed, fitted in well with the already established NDRC 
procedure. However, there were certain differences which were the outgrowth of 
the particular experience of the Laboratory. 

All Transition work at RRL was coordinated under the Transition Department, 
which was set up late in 1942. RRL engaged in the production of models from the 
very start. As soon as it became apparent that carrying out work of this sort in 
the development groups would represent a considerable drain on facilities which 
were better used in other ways, provision was made for the production of models 
elsewhere. In late 1942, RRL took advantage of the facilities of the Research Con¬ 
struction Company, a model shop facility set up by the Microwave Committee 
(later Division 14) of the NDRC. However, the desirability of carrying out model 
construction at a location convenient to the research groups gave rise to the forma¬ 
tion, in April, 1943, of a group within the Laboratory whose primary assignment 
was the production of models. 

The average number of models constructed of each equipment was of the order 
of twenty. Of these, one would go to the manufacturer, approximately two would 
be kept at RRL for test purposes; two more would be shipped to Service laboratories 
for acceptance tests; two more would be reserved for trial at field testing stations 
within the United States; one or two would be shipped to RRL's field laboratory 
in England, and the remainder would be allocated to various interested branches 
of the Services, usually in quantities of one or two to eac>> theater, which might 
have a requirement for the particular development. 

Since the number of models to be built frequently exceeded the capabilities of 
the Laboratory's own shop, work was subcontracted to manufacturers, some near 
at hand, and some located further away. In cases where speed was essential, those 
near at hand were selected. A definite effort was made to pick manufacturers 
who might later be designated by the Services for regular production of the item in 
question. However, this was not always feasible, as a manufacturer capable of 
large-scale pi Auction was not always interested in making a small number of 
models unless guaranteed a larger order to follow - a guarantee which, of course, 
could not be given. 

Care was used in seeking out and selecting manufacturers whose facilities 
fitted them for the paiucular job in hand. In general, the RRL internal model shop 
was reserved for the higher priority models, or *crxsh* items. 

When asked to satisfy urgent operational requirements for small numbers at 
equipments, RRL undertook to assist the Services in whatever way was possible. 

Since it turned out that placement of a Service contract for even a small quantity 
of equipment generally consumed a considerable length of time, RRL was able, in 
some instances, to assist the Services by placing its own contract for the needed 
apparatus. In such cases, OSRD was eventually reimbursed by the Services for 
the equipments delivered. In other cases It was necessary that the development 
itself be either manufactured or modified in the Laboratory's own model shop; 
many weeks and often months could thus be saved in getting out a small quantity 
of equipment. The time saved usually depended on the sise of the production in¬ 
volved, since the length of time required to get equipment into production is often 
directly proportional to the number of equipments which are eventually manufactured. 
Very close Uaison was oi course required for crash programs: many problems at 
precedence, etc., had to be straightened out, and here again the mobility of the ci¬ 
vilian helped greatly. 
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In. 1944. an internal RRL crash procedure was worked out whereby a three - 
man team - one representing the development ~ oup, one the Transition Department, 
and one the RRL Business Office - was given complete responsibility torthe con¬ 
duct and successful conclusion of the projei. 4 . By working shoulder to shoulder, 
the three men represented a group small enough for effective action and yet large 
enough to assure excellent coordination. 


The Army al'.o developed its own crash p wedure in 1944; according to this 
arrangement the normal chain of events was speeded up, and in some instances 
circumvented. So good was this procedure that contracts could be the hands of 
the manufacturer four days after a model of the item to be crashed had been satis¬ 
factorily demonstrated at Wright Field. In the case of each item to be crashed, 
the development laboratory supplied an engineer who put in full time at the manu¬ 
facturer's plant, to assist the manufacturer’s representatives and the Army project 
officer in every way possible. 


The sp ecial features of the RCM program were recognized by all concerned 
from the start. According to an early arrangement, two manufacturers, (Delco 
and Galvin), were to be held in reserve especially for RCM. According to the 
early procedure, engineers from the manufacturer were cleared, and when a de¬ 
velopment was nearing completion, would work in cooperation with the development 
engineers in the Laboratory groups. It was found that this type of arrangement was 
either extremely satisfactory or extremely unsatisfactory; if the engineers con¬ 
cerned proved to be congenial and capable of working together in a group, the re¬ 
sults were remarkable; for example, the first models of the Carpet 1 transmitter 
were produced by the manufacturer in record time as a result of this arrangement. 


However, in other cases, the manufacturer’s engineers felt that their time was 
very largely wasted in the Laboratory, since there was little that they would do un¬ 
til the final design of the model had been frozen. Only then, for example, could the 
manufacturer order the necessary parts with the assurance that they could actually 
be required in the final model. The time required to secure the necessary com¬ 
ponents represented the largest delay in getting a new development into production. 

As a result of a very understandable tendency on the part of most development 
engineers in the Laboratory to improve their models alter their nominal completion 
date it was found desirable to Institute a procedure whereby a model was not 
“frozen* until the leader of the development group made that decision. At that 
time the drawings, parts list, etc., necessary for a manufacturer to duplicate the 
model were prepared in the form of what was called a 'Transition Memorandum 
Report' (TMR). After preparation of this informal report, no further changes in 
the design were permitted without the express concurrence of the Laboratory, the 
Transition Department, the manufacturer, and the Service concerned. In this way, 
much lost motion on the part of the manufacturer was avoided, since last-minute 
changes likely to hold up production were eliminated. 

After the completion of the TMR, responsibility for s project passed into the 
hands of the Transition Department engineers assigned to the work. The Transition 
engineers then had full charge of aU relations with the Services and with the manu¬ 
facturer from that time on. It was the Transition engineer s job to keep la touch 
with the progress of the development st the manufacturer and see that every possible 
assistance was rendered. It was a task which called for frequent personal contact 
and continued follow-up. If the manufacturer ran into any technical difficulties 
which required help Lorn RRL, an engineer from the development group was desig¬ 
nated to accompany the Transition engineer to the manufacturer s plant for the 
necessary length of time. 
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The RRL philosophy throughout was to provide the manufacturer with as corn* 
plete and satisfactory a prototype of the equipment as possible. Since any equip¬ 
ment procured by the Services must pass very rigid mechanical and electrical 
specifications, it was found desirable at the Laboratory to build models is accord¬ 
ance with the latest production design technique. An effort was made to carry is 
the Laboratory's stock room only components which were known to be acceptable 
in production equipments. Incorporated in Laboratory prototypes, for example, 
were the special moisture-proof potted transformers called for by the Service 
specifications. In this way, it was possible to make the manufacturer's job easier 
by cutting down time required for redesigning the Laboratory model. In the early 
days, some of the Laboratory models required considerable treatment of this sort; 
however, as time went on this particular source of delay was considerably reduced. 

An important step in this chain was the RRL Test Laboratory, an organization 
operating independently of the regular development groups, whose sole job was to 
carry out an impartial mechanical and electrical test of each Laboratory prototype 
equipment as it came along, in order to determine its performance and its suit¬ 
ability as a prototype for submission to a manufacturer. By thoroughly measuring 
and checking the performance of each unit, later differences of opinion as to ac¬ 
ceptable performance could be avoided. Moreover, by standardizing measuring 
techniques, a great service was rendered both tothe Services and to the manu¬ 
facturers in making closer control of production tolerances possible. Addition of 
the Test Laboratory very greatly improved the quality of the models produced by 
RRL by educating RRL development engineers, and the extra time spent in checking 
performance in Cambridge was more than compensated for by reduced manufactur¬ 
ing difficulties and delays. 

As mentioned previously, RRL endeavored to speed up regular production by 
picking manufacturers for model subcontracts who would be likely to receive 
eventual full-size production orders. In addition to ma in ta i ni n g close technical 
liaison with each development, the Laboratory also incidentally monitored the 
number of equipments produced, through personal contacts made by Transition rep¬ 
resentatives at the various manufacturing plants. On the basis of both formal 
and informal production information, regular bi-monthly production "Summary 
Charts" were prepared for the purpose of keeping those concerned with the RCM 
program abreast of new developments in the manufacturing situation. R was found 
to be particularly true in the case of RCM, that intelligent planning for the opera¬ 
tional use of the equipment was absolutely dependent on a knowledge at die avail¬ 
ability, or probable availability, of the various items involved. In pl a nnin g a Carpet 
barrage jamming program, for example, it was necessary to know how many trans¬ 
mitters were going to be available for the purpose intended, since the method of 
operation was greatly dependent upon this number. The availability of many jam¬ 
mers makes possible their use in a barrage; if only a small quantity can be counted 
upon, a more economical method of their use (such as spot jamming) must be found. 

Businesn 

Radio Research Laboratory, with its 810 direct employees and 133 affiliated per*, 
sonnel, a payroll of $2,550,000 yearly, peak expenditures at the rate of $7,000,009 
yearly, field stations in Bedford, Florida, and England, and technical representa¬ 
tives throughout the war theaters, was a substantial business enterprise and re¬ 
quired a large business staff. At the peak of laboratory growth in September 1944, 
there were 223 people in the groups reporting to Mr. N. P. Breed, Ihislaess Mana¬ 
ger, a ratio of approximately one to four to total personnel and approximately am 
to one to productive research worker*. 
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Broadly speaking, the Business Office was delegated-responsibility to the Di¬ 
rector for performance of all clauses in the OSRD Contract except the subject work 
clause, and, in addition, endeavored to provide the research groups with adequate 
personnel, space, facilities, equipment, materials, and services for the most ef¬ 
ficient utilization of Research Associate time. Every effort was made to minimize 
organizational red tape and waste of time by the research staff on problems of se¬ 
curing articles or services needed for their work. For example, an oral request 
only was necessary for the procurement of some needed item in a research group. 
The business staff would make a catalogue selection, requisition, purchase, receive, 
and inspect the item, and deliver it to the requester without further attention on his 
part. Similarly, automobiles and drivers were held available for field trips, air¬ 
craft for flight testing were manned and equipped as needed, and crews were on hand 
to make any type of experimental installation. Travelers could expect to receive, 
just before starting a trip, an envelope containing all needed tickets and hotel reser¬ 
vations and sufficient cash for the probable trip duration. There can be no question 
but that these services greatly increased over-all efficiency by minimizing delays 
and interruptions in the technical work. 


From March, 1942 to Apnl, 1944, the period of active recruiting of technical 
manpower, the Personnel Department reported directly to the Director and was 
concerned primarily with the search for manpower to meet internal demands. The 
laboratory was late in starting as a war activity and thus was unable to acquire 
and maintain a proper ratio of experienced supervisors in proportion to the younger 
and less experienced groups necessarily hired. In addition to a good deal of informal 
internal training, formal programs were instituted for the training of a group of 
physical chemists at Harvard and MJ.T. and for the training of groups of girl ma¬ 
chinists at the Worcester Trade School. In compliance with the wishes of OSRD 
and Harvard, no hiring was done in the draft vulnerable age group, except for fully 
qualified scientific personnel, with a resulting high proportion of women and older 
men being hired. 


With the transfer of Personnel to the Business Office in April, 1944, attention 
was given to pressing problems of salary revisions, routine personnel administra¬ 
tion, Selective Service problems, and employee morale. An employees’ Social 
Committee was sponsored and financed, a series of motion pictures and talks were 
provided to spread knowledge of the laboratory’s activities among the workers, a 
First Aid Room was established with a registered nurse in attendance, a complete 
job and salary survey of the laboratory was made and obvious inequities corrected. 
Selective Service continued to be a bugaboo throughout the history of the laboratory 
and absorbed much time and energy from the program. At times it seemed as if 
all the work that had been done and alt the excellent leadership of the Scientific 
Personnel Office of OSRD, had been in vain. Actually, no employee having technical 
ability of high order was drafted, but pressure became so great in May, 1944 that 
nine young Research Associates were scheduled for overseas missions, by agree¬ 
ment with the State Director of Selective Service, to avoid being drafted. Personnel 
activity was headed by Mr. W. T. Harrison until April, 1944 and by Dr. Gordon 
Sutherland thereafter until the close of the laboratory. 

Procurement, under the direction of Mr. C. L. Cole, was organized to handle 
all phases of obtaining and distributing equipment and supplies for the research 
groups, and Included the functions of Purchasing, Subcontracting, Expediting, Pri¬ 
orities, Receiving and Shipping, and Stockroom. To provide a coordinating medium 
for preparing requisitions and offering technical advice on components, a Planning 
Department functioned independently of the Business group, but performed essen¬ 
tially business functions. This group also prepared specifications for all outside 
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Figure 49. P525A Jamming signal generator - for 
training use 
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jure 50. Under side of single dial tuning unit, 
showing variable cam 
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shop work and controlled the scheduling of all Shop and modej procuremeDt wort. 

Starting from nothing, these groups planned, purchased, and 

sands ol items required for a large research laboratory and itsltield 

for the model and crash program procurement that followed. By June 30,19M 

main stockroom aione contained 10,389 different stock items valued at $483, 

Later, when the laboratory was well established and had ac 9 ul f*^!l 
procurement difficulties eased, but in the beginning WPB, A NMB, ANCPEA, CMP 
and the other alphabetical control agencies seemed designed for the purpose ol prw 
venting RRL from obtaining the materials it needed to exist. From a P rec *^*“^* 

D-250 the laboratory was promoted to A-241 and finally to A-l on several critical 
equipments. To illustrate the variety of problems encountered, Procurement was 
called on one day for one each of every receiving tube type manufactured since the 
DeForest Audion (for noise study purposes) and shortly thereafter for all supplies 
and equipment needed fully to equip a one hundred man laboratory in England. TO 
latter job was accomplished in one month by buying teams which went to New Mrt, 
Chicago Philadelphia, and Boston and coordinated their purchases each night by 
telephone until the required 10,000 items, many in critically short supply, were 
bought, packed, and shipped. 

With the cooperation of Transition a highly efficient system of subcontracting 
was worked out and used for 173 different contracts with manufacturers 
the country covering procurement of RCM equipments valued in excess of $1,750,000. 
In general, the subcontract procedure called for construction of a prototype at cost 
with full technical and supply assistance from RRL, plus a supply contract for 20 
to 25 models to be designed and priced from the prototype exoerience. Early 
issuance of a Letter of Intent for the supply contract permitted advance procurement 
of critical parts and elimination of all delays not inherent to the mamuacturing 
process or the technical problems of the equipment concerned. 

A Facilities division was organized to provide the building space, equipment, 
and services required for laboratory operations. In addition to 30,000 sq. ft. par¬ 
titioned off in the North Wing of the Biological Laboratories Building for use by 
RRL additional space to a final total of 104,000 sq. ft. was obtained in Cambridge 
by construction of temporary buildings and equipped with supplies for water, gas, 
compressed air, light, power, etc. While space available occasionally got betow 
100 sq ft. per person over-all, it was found that this overcrowding was inefficient 
and hampered needed internal flexibility. In all planning a minimum allowance of 
150 sq ft per person over-all was considered essential. Space was altered only ^ 
to be realtered to meet technical needs, and crews of carpenter?, electricians, and 
plumbers were constantly at work within the buildings, in addition to regular mtfn- 
tenance, cleaning, and utility crews. This division also supervised the ^*avel I** 
partment ($10,000 per month travel volume), a Messenger Department, ’TnOe 
Department (11 beachwagons and 2 trucks), an Instrument Department, a Wood and 
Plastics Shop, and a Cafeteria. 

Other "business* functions were Accounting (including some cost accounting 
required for pricing Lend-Lease and crash program transfers), budget P^P*"** 
and control, security regulation education and enforcement and the matatenancs cf 
a guard force, coordination of business activities in England and Florida, and M- 
m in istration ot an airport hangar operation. A Publishing Department, which started 
ina small way, incre^d tremendously during the final publication program a. 
illustrators, letterers, spotters, proofreaders, typists, photographers, co llators, 
multilith operators, and others brought the total number of printed pages produced 
to two million and sixty thousand. 
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Radio Research Laboratory expenditures will ultimately total jusUmder 
515,000,000, not including $710,000 expended by American British Laboratory of 
Division 15 in England. The breakdown of these expenditures for the pertodVrotS— 
March 21, 1942 through February 28, 1946 is as follows: 

Classification 

'''SAjafitSAji Wages 
Equipment 
Supplies 

Telephone t Telegraf) 

Postage, Express, and Freight 
Travel 

Heat, Light, and Power 
Improvements and Alterations 
New Construction 
RCM Equipment Subcontracts 
Miscellaneous 
Overhead 

TOTAL 


Expenditures 

% 

$6,293,000 

44.0 

1,157,000 

8.1 

3,104,000 

21.7 

207,000 

1.4 

164,000 

1.2 

439,000 

3.1 

77,000 

0.5 

170,000 

1.2 

501,000 

3.5 

1,618,000 

11.3 

45,000 

0.3 

531,000 

3.7 

$14,306,000 

100.0% 


Invention Disclosure 

In vie# of Harvard’s expressed policy that no patent benefits from its Govern¬ 
ment financed war work should inure to it or its employees, Contract OEMsr-411 
was written with the “short-form" OSRD patent clause and all employees under the 
contract executed agreements to disclose all inventions made during their employ¬ 
ment and generally to assist Harvard in compliance with its patent obligations. For 
a number of reasons, including security requirements, the OSRD later arranged with 
the Navy Department to take responsibility for disclosures under and in compliance 
with this clause and implementing agreements to this effect were executed and carried 
out 

In order not to divert energy from critically urgent programs or to develop too 
early a "patent conscious" attitude, no patent work was done until the summer of 
1943, when one man was assigned to the task and the beginning of a disclosure file 
started. Later in the year, a larger group was organised under Mr. C. W. Ollphant 
and continued by Mr. Elton Barrett when the former was assigned to a Technical 
Observer Mission in the Pacific. Mr. Barrett possessed the unusual advantages of 
technical training, experience as a Research Associate and Project Leader, and 
some legal training, and the work was completed satisfactorily under his direction. 

In order to ascertain what inventions or discoveries should be reported periodic 
interviews were held with all research personnel and all Laboratory Notebooks 
reports, memoranda, and models reviewed regularly. As an extra precaution all 
personnel, both technical ami non-technlcal, were personally interviewed by members 
of the patent group prior to termination. A broad disclosure policy was followed as 
insurance of disclosure completeness and nice questions of patentability or antici¬ 
pation were left for the review of the Navy Department legal staff. A total of 606 
invention disclosures were made under the contract and one of its subcontracts and 
it now appears that the Navy Department will prepare patent applications on a large 
percentage of the disclosures. 
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Laboratory Shops 

During the peak of its activities, the Laboratory employed approximately 97 
machinists, virtually all of whom were assigned to the Laboratory's central ma chin e 
shop. Work was carried on during day and night shifts. 

The number of draftsmen employed was approximately 50, or one to every 
four research associates. The majority carried out their work at a centrally lo¬ 
cated drafting room; however, for the sake of efficiency some were assigned to 
vidual development groups. 

In addition to the main machine and metal shop, the Laboratory m ai n tain e d a 
variety of smaller special shops. The Wood and Plastics Shop specialized in makin g 
the plastic ‘Blisters* used to house, protect, and streamline antennas mounted 
aboard both aircraft and ships; much time was saved by having this facility at the 
Laboratory. Since all RRL prototype models were built in accordance with Service 
specifications, using sealed condensers, impregnated transformers, etc., it was 
found necessary to set up a separate Transformer Shop in order to assure a promfd 
supply of specially designed and properly encased transformers. The availability 
of this shop also greatly aided in the development of the unusually wide-band trans¬ 
formers used in some of the Laboratory’s later developments, such as the AN/APQ- 
20 and the XMBT (Elephant) jammer. 

There was also a special Paint and Plating Shop, very necessary in the early 
days on account of the special metallic plating needed in connection with such items 
as the *RoUo* variable inductances used in many of the jamming'transmltters. 

In order to record the Laboratory’s activities as well as to prepare photographs 
for the many reports, a Photographic Department numbering some four to five 
persons was set up. In addition to this group, which specialized in still photography, 
it was found that the need for training and indoctrination in connection with the 
rapidly changing countermeasures program, made it desirable for the Laboratory 
also to have a separate Motion Picture Department, numbering some five persons. 
This group recorded many transitory phenomena too complicated for still photo¬ 
graphy, and turned out many test, demonstration, and sample training films. 

The Test and Standards Laboratory, which had responsibility for checking each 
Labora tor y prototype before its submission to a manufacturer, was staffed with 
some 16 persoos of which 10 were research associates. A total of over SOO test 
reports of various kinds were published by this group; these reports varying is 
subject matter all the way from such things as the mechanical specifications of 
cable connectors, to the detailed electrical characteristics of microwave ja mming 
transmitters. This Laboratory was directly responsible to the Executive Engineer, 
and provided means for obtaining objective evaluation of equipment developed at 
RRL. The Test Laboratory was provided with facilities for making both electrical 
and mechanical tests, including vibration, temperature and pressure. Its extensive 
use resulted in the apparatus design groups developing their design techniques to 
the point where first models of n*v equipment would always pass service testa 
without trouble by the time RRL was ready to release them. 

The Internal group, which had the responsibility for m a king up a limite d 
nu mbe r of samples of etch of the Laboratory's developments, was known as Group 
Y. At its peak, this model shop, assembly, and test group numbered well over 80 
persons, of which roughly 17 were research associates. 
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It had Its own test laboratory which tested Croup Y production, and also models 
delivered by outside contractors. 

Field Testing 

Countermeasures development work requires relatively elaborate field testing 
facilities, since it is necessary to test new developments against captured enemy 
radars or equivalents thereof, as well as to test them under conditions as nearly 
'operational* as possible. 

In August, 1942, flight test facilities were set up in a hangar at the East Boston 
Airport. Three planes were permanently assigned to the Laboratory by the Army, 
and arrangements were made with the Navy to supply aircraft on request. The 
limited ground space available, however, prevented the setting up of more than one 
radar at the airport, and reliance had to be placed on the radars operated by the 
Anti-Jamming Division on the roof of the Radio Research Laboratory itself - a site 
which was far from ideal. When, in May, 1944, the RRL testing facilities were 
moved to a hangar at the Bedford Army Airbase (about ten miles from Harvard 
University) a much more satisfactory arrangement resulted. At this excellent 
location two ground radars (an SCR545 and an SCR648) were installed, and the 
Laboratory’s testing program greatly expedited. By the end of the war, some eight 
aircraft were permanently assigned to RRL; these included a B-29, a B-24, and 
two B-17's. The Laboratory maintained a staff of some ten persons at Bedford. 
Laboratory aircraft flew nearly 900 hours between May, 1944, and the end of the 
war. Important studies of the effectiveness of the AN/APQ-20 centimeter Jammer 
against the SCR545 radar were made at Bedford. 

In June, 194S, the Army Air Forces set up a countermeasures testing station 
at Auxiliary Field «9 (Florosa Field) of Eglin Field, Florida - headquarters of the 
Army \ir Force Proving Ground Command. Division 15 was invited to share in 
the fa . HUes offered by Florosa Field, and a small field laboratory staffed by RRL 
y? set up in a building shared by a field branch of the army’s Aircraft Radio Lab¬ 
oratory. RRL's staff at Florosa included a director, a business manager, three 
to six research associates, several technicians, and others. 

The Army Air Forces made available many aircraft for tests at Florosa. In 
addiUon, there were installed at Florosa a large number of radar equipments 
(operated by Army crews) ranging from a captured Japanese 100 Me set, to the 
latest in 10 Cm harbor defense equipment. These fadliUes proved very valuable 
for those extended field tests which benefited from the inclusion of large numbers 
of aircraft and large numbers of radars; for example, studies of Window and Rope. 
Other important work included testa of Carpet and Window against a captured 
German Wurzburg, when 12- and 18-plane formations were involved. 

However, in view of Florosa Field’s remoteness from RRL and its relative 
inaccessibility, it was found to be more economical of research manpower to con¬ 
duct as many small-scale tests as possfole close at home. 

Division 15 and Service Liaison Offices 

It is not strictly within the scope of this report to describe or evaluate the 
liaisoo offices which were maintained at the Cambridge laboratory by Division 15- 
NDRC, the Army Air Forces, the Signal Corps, or the Navy, but it would be unfair 
to omit mention of these groups or to fail to give credit for their substantial assist¬ 
ance to the program. As activities increased in tempo, it became apparent that ad- 
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ditional facilities for excited action on the part ofthese agencies wa^necessar, 

If serious delays in the program were to be prevented. 

The Service Liaison offices, Navy, Signal Corps, j^/^'^^^iifth* * 

srsarJ 

S.“! [ «fr S .r«c.'ubo-.ttr». P»<*. 

and field forces. 

NDRC-Division 15 also recognised the necessity for maintaining an i■Mr*** 

government representaUve in Cambridge. In C P^ ” ^ with full delegated 

was assigned to Radio Research Laboratory as Technics Aide wim mu a ^ 

authority to act for the Contracting Officer in vit i J ^ with the responsi- 

interests of the Government. In addition, Mr. Harris was c a 
bibty of coordinating the activiUes of the Laboratory 

tractors of Division 15 through the D ivlslon 15 <TommUce AsacUvity ^ 

£. H. W. Albrecht, 

who joined the organization In February, 1944. 

Demobilization 

After the OSRD demobilization flurry in October and November of 194JRJtL 
followed a policy of scrutinizing all new project requests apd onjyacc ptlng 
which (1) could not be properly handled by other agencies, (2) ? _ oin _ 

sat. 

to make a unique contribution. 

i. wiip, Roi was in a very fluid condition when the European 

war en'dedTMay.1945 'jS^werTS^tor 

sss it- 

ments, installaUoo problems, etc.) 

Longer-range plans involved a greater expansion ofU. ®*_“ d 
work. (Dyer, after Msl* *1946* to represent at least half of the 

prepared for a sudden cessation of the war. 

of the effectiveness of the Laboratory’s liaison with toe 
Services and of the value of the liaison activities Prided by the laboratory • 
demobilization program put into effect Immediately after V-J Day. 
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When the end of the war was obviously approaching, the Laboratory’s Proik 
Committee reviewed all projects in hand and divided them up into three catecwtes^ 
those whose nearncsr '■ompletion or whose post-war merit was sufficient to 
warrant their being car* i»-d on to a conclusion (provided this coukl be achieved no 
later than November 1, IMS); those whose importance was such that they shouij 
be carried on to a point at which the value of past research would be preserved- 
and those of no further possible usefulness which should be dropped Classification 
of the work into these categories was facilitated by the fact that by the end of the 
Japanese war, the Laboratory was working on very few long-term research nrol- 
ects. By that time, the emphasis of the program had been shifted almost entirely 
to such short-term items as field testing, operation analy^o . --»■ md minor modi¬ 
fications of existing equipments, i.e., to activities of immediate op- rational use. 

The Project Committee's proposed disposition of the Laboratory’s projects 
was referred on August 18 to the various interested services, and a meeting was 
then held at RRL on August 23 at which the Laboratory's proposals were reviewed 
in detail by the Services. The Laboratory's recommendations were adopted with 
very minor changes. The fact that the Laboratory’s proposal had been so close 
to the Services' own wishes is good evidence of the close contact and mu tual under¬ 
standing which existed between the Laboratory and the Army and Navy agencies 
with which it did business. In accordance with this agreement, a certain proportion 
of the Laboratory s projects were transferred in their entirety to Service research 
agencies such as the Naval Research Laboratory and the Aircraft Radio Laboratory 
The transfer of projects here means both the transfer of all equipment prototypes" 
etc., and the provision of complete final reports outlining all work done at RRL. * 

Although many Laboratory prototype equipments were transferred to the 
Services along with specific research projects, a considerable number of models 
manufarturer* samples, etc., still remained on hand. These were offered on ' 
August .14, to the various Interested branches of the Services in a systematic way 
and the enti. lot - some 250 items - was thus disposed of piecemeal. 

The physical plant of RRL (office furniture, machine tools, work shop equip- 
m> nt, etc.) was transferred Intact in accordance with a unique arrangement con¬ 
cluded with the Office of Research and Invention of the Navy Department. Whereas 
other NDRC Laboratories had been liquidated either through the Surplus War 
Properties Administration, or through Army and Navy committees which selected 
more or less at random those items in which they were Interested, the facilities 
of RRL were turned over as a unit to the newly organized Airborne Radio Division 
of the Naval Research Laboratory. This disposition was eminently satisfactory 
to both parties concerned; Harvard University was thus able to transfer the phys i c a l 
plant of RRL as a unit, and the Naval Research Laboratory acquired complete 
Laboratory facilities to serve as the nucleus of their new research organization. 

By December 15, 1945, all RRL projects equipment, models and prototypes 
had been turned over to the Services, and the transfer of the machine tools, office 
furniture, radio component stocks, etc., was gettfhg under wsy. 




CONFIDENTIAL 


411-299 


COM II>1N • IAl 


7-1 


Vfl. A BRIEF SUMMARY OF T^E OPERATIONAL USE OF 
nnf rnmDMiTNT IK WORLD WAR II 


Introduction 

H, following ...UO. IS Intended to gt.e » 

s, JL» in whtch radiT coun^rmeasores “.fJC nmDfT 

cai.ce to the war. An attemjA will t* made to reve«™ 50me Jdea * the 
indicate their relaUve importance (when possible), ana to gi 
number of countermeasures equipments involved. 

seW^TtK^^^ 

other sources. 

1. European Theater 

n., 

in North Africa, concern was felt by the Theater to ^ to ^ 

aircraft*orfer e to t sup^ement 1 ^ 

been operating in the 

States for the necessary equipment with which tobepn « JJ rJuJar March ae¬ 
ration and dispatch to the theater ° 0 ^« Ferr et " This plane carried a number 
craft given the descriptive code nam • ^ esa improved search 

of laboratory prototype equipments suppUed by RRC ^ B deyice to wan, of the 
receiver tuning units, a homing-type Catcher) Accompanying this 

-”” 1 ” *■ 

engineer. Other technical observers from RRL foUowed U . 

the Northern shores of the Mediterranean. 

!„ addition to the German Sr. 

antiaircraft gun-laying equipments wer « ust prior to the invasion 

These were Menace to 

of Sicily, in response to another 'JJu in the United States and 

Carpet and Mandrel Jammers on a high priority tas m «* 

rush* to the Mediterranean theater W^***£* feur * the 
these installations wasdone at RRL •«*“**“* 8 JUSm neverttieless, this 

ss-sss ^ —• 

The N.vy’t flr.l eper.u«l <m « £J‘. 

ings at Salerno border ‘^^.^[ammers were rushed by air direct from 
ation, a number of Rug (AN/Atv ) j th , v were installed in record time 

^sed'aeaiMt 6 thl^Cter man coast-watching radars with good success. Them 
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its operations, and the*problem tainted to? J£ S J| eeinnl ' :i * 10expand *** wale of 
being given thought As a res2t*S£t5J2 *?““? ““'^craft radars was 
definitely established that the Germans T*"* * 1MS ’ lt "" 

missions. A model-shop-produced Carnet ^ .,* gti “ l our dl y“tf« 

in advance of the regular production*^ tadl/fS “ umber made U P by RRL 
attached to a British countwmeasuMs^borato^ “ RRL en «b»eer 

effective against a British radar similar .h/’ *** jammer was shown to be 

lowed by an ^gent ?4«st to Se iSSj suS to/.T, ?* rtbur *- ™« "• M- 
Flown to the theater by air and Lulled Sfr £ “ 1 quanUty of Carpets. 

sUtioned in England, sixty-eight of these eauiDment« U ^ erViSi0n °* “ en gt“*er 
in October, 1943, with striking success ?? i ervlce for ^ first time 

during the first raid to Bremen were cut to hltt rwJ?' par pet-equipped groups 
mediately placed a requirement that every b^r^™ ea ^!. He ^ q, ^ ter8 Ua * 
be equipped with Carpet. y b0mber earmarked for the 8th Air Force 

1*. Window ag ainst a, Cerme. Wurelnw, „ 

difficult to protect with Window than planet oDeraltal’i!®* 1 ! for “ utlofl3 ere nuut 
Air Force began the use of this rm.ni* oper * Un 8 singly and at night, the 8th 
"blind" bombing was beeun Winrto^ f l^T* ta Decen, ber 1943, shortty after 
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Figure 56. RCM installation in a PB4Y-Z search bomber 
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strategic missions carried out by the heavy bombers were made over 8/10ths cloud 
cover or better. (The average number of days per month on which operations were 
possible rose from 9 in 1943 to 22 in 1944.) During this same time, German fighter 
opposition waned, and the Germans were left with no defense against blind raids 
save their anti-aircraft guns whose radars were being jammed. Under visual con¬ 
ditions, the Germans were no longer able to use smoke screens effectively, since 
our H 2 X could 'see* through the smoke, while our RCM prevented the enemy from 
aiming his guns through it. Blind bombing greatly increased the scale of the U. 8. 
air attack, by making operations possible on dayc wh.n planes would otherwise / 
have been grounded. That the losses during these attacks were unusually low, can / 
be directly attributed to the success of RCM. ' 

Since by the late spring of 1944 large numbers of Carpet transmitters had been 
delivered by the manufacturers, RRL became deeply concerned by the continuing 
shortage of these equipments in the theaters. Led by Mr. A. E. Cullum, Jr., an 
Associate Director of the Laboratory, a thorough investigation of the U. 8. Supply 
situation was carried out. As a result of this Investigation, tremendous efforts 
were made to expedite the shipment of Carpets, and these transmitters, a thousand 
at a time, began to arrive in the European theater by September, 1944. They could 
not have been more welcome, because by that time, German fighter attacks were 
no longer a serious problem due to our bombing of German industry and due to the 
long-range fighter escort accompanying our heavy bombers. As fighter opposition 
decreased, losses and damage to flak became of greater and greater importance; 
moreover with flak their only defense against bombing missions, the Germans were 
doing everything in their power to make their already powerful anti-aircraft 
batteries more effective. 

It is no wonder, therefore, that when the Carpet transmitters arrived in Eng¬ 
land, a tremendous effort was made by the operating forces to install thecs equip¬ 
ments in the shortest possible time. They were materially aided in this by engineers 
of ABL-15. These men helped the 6th Air Force train field installation teams; 
they assisted with mock-ups; helped break supply bottlenecks; set up operator 
training courses, and even went out to the many Groups receiving the new equip¬ 
ments in order to help with the installation and initial performance checking. To 
give some idea of the sire of the undertaking, roughly 2000 AN/APT-2 equipments 
(Carpet I) and 4000 AN/APQ-9’s (Carpet m) were sent to the European theater and 
there installed aboard operating bombers during the intervals between operations. 

(The 8th Air Force had some 3000 planes in all). 

With the help of a staff member of ABL-15 on loan to the Operations Analysis. 
Section, Headquarters Bth Air Force, plans for the most effective use of these 
equipments were worked out and modified as the changing conditions required. 

Changes in the Wurzburg frequency distribution were monitored by an 8th Air Force 
search program organized by ABL-15. By November 1944, over **tlf the 8th Air 
Force was protected by electronic jamming installations in addit a to Window. By 
December, over 80 per cent of the Air Force was protected by ( rpet. 

According to the final installation plan, two aircraft in each air squadron were 
given spot jamming installations of three transmitters and one receiver each, while 
all other aircraft (with the exception of a relatively small number at Pathfinders) 
were equipped with two barrage jamming transmitters apiece. Roughly 500 AN/APR- 
4 receivers, for spot jamming Installations and investigational work, were shipped 
to the European theater in all. . 
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Thus, by the end of the war, every heavy bomber (Pathfinders excepted) attack¬ 
ing Germany was equipped with at least two, and in many cases three, jammers 
developed by the Radio Research Laboratory. In addition, each plane was assigned 
720 units (about 100 lbs.) of Window to be used simultaneously with the jamming 
transmitters. (The total requirements for chaff had climbed, by this time, to the 
staggering figure of over 2,000 tons per month.) No objections were raised to the 
carrying of all this extra weight; in fact, the operating forces insisted on it! 

• 

In the Mediterranean theater, the story of the installation and use of Carpet and 
Window was roughly parallel to that of the 8th Air Force. Chaff was first used in 
February, 1944, and was enthusiastically received. The operating forces in that 
theater showed much ingenuity in the use of this countermeasure. Aided by RRL 
technical observers, who had accompanied the Mediterranean Air Forces since the 
days of the first Ferrets, such things as Window "bombs* - containing large amounts 
of Window, and dropped ahead of the main formations by fast fighters - were used 
with excellent success. In addition, by February, 194S, every group of the 15th Air 
Force had electronic RCM protection. 

The results of the Carpet-Window attack on the Wurzburg radars were thoroughly 
assessed by ABL engineers who accompanied the first Intelligence teams to enter 
Germany after VE-day. Questioning German personnel from Luftwaffe generals to 
Wurzburg radar operators, they found that the morale of the entire flak organiza¬ 
tion had been affected by our countermeasures. Many believed that flak and radar 
were ‘outmoded* weapons. Nevertheless, by the end of the war, the extent of the 
German flak effort (which enjoyed the very highest priority) had truly been enormous. 
There were, in all, over 16,000 heavy guns, ranging in size from 88 mm to 105 mm, 
these were controlled by over 4000 sets of Wurzburg-type fire control radars and 
optical predicting equipments. 

In order to save this enormous investment (estimated at over a billion dollars), 
the Germans devoted a tremendous effort to the reduction of the effectiveness of 
our countermeasures. Since the scale of our RCM effort was small at first, the 
Germans hoped to salvage their investment with palliatives, and developed and 
introduced in the field over thirteen anti-jamming attachments for their Wurzburg 
radars. At the end of the war more than nineteen anti-jamming proposals were 
under active development, yet none did the job! The Germans admitted that our 
combination of Window and noise jamming had been too much for them. 

The number of scientists tied up by this tremendous effort was remarkable. 
According to Or. Esau, who was head of all German high-frequency research at the 
end of the war, as high as 90 per cent of all available electronic engineers were 
tied up at one time on various phases of the anti-jamming program. As an average, 
about 50 per cent of the total, or about 4,000 persons, were assigned to this work. 

This is in sharp contrast with the perhaps 400 trained engineeA (at RRLand.else¬ 
where) who worked on countermeasures problems in the U. 8.1 

The Germans were prevented by our countermeasures from developing ten 
centimeter radar; they simply did not have enough engineers to e\ploit the new 
microwave techniques and at the same time carry on the anti-jar iming work at the 
scale they did. 

On the basis of interrogations carried out after VE-day (taken in the light of 
German records of Allied jamming, etc.), it Is concluded that during the period from 
October, 1944, to the end of the war, the effectiveness of German anti-aircraft fire 
control radar was 25 per cent of normal. From this, and information on operations 
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Figure 59. Laboratory prototype of the TDY transmitter 
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supplied by the 8th Air Force, it is estimated that during ^ is J a “ e 

bombers (not to mention up to 4500 crew members) were saved by the tim ly P- 

plicatioo of Carpet and Window in the 8th Air Force alone I 

Interrogations at Ploesti in Rumania (the second most heavily deferred target ^ 
in ail Europe) revealed that over 25,000 rounds of heavy antl ;^ r ^‘ 
quired by the Germans to shoot down one of our planes after the introduction of 

countermeasures. 

The 9th Air Force by way of an experiment to see if Carpets could be usedin 

toSS* toy .tuck, the .ttiu* .t trttlck t^J “• "» 

type of formations they fly, medium bombers are less vulnerable to flak. 

in addition to the protection of heavy bombers during their mUsic**, the 8th Air 
Force found another use for countermeasures gear as well M 
th . lonv-ranee fighter plan* had been perfected, it was to the advantage of the 8th 
Air Force to^avofd fighter interception as much as possible. One way to c *|^th* 
German fighter delete system off balance was to deny the enemy a [ ad “ e ° c ^£! 1? 
of our places whfle they were forming up over England before a raid. Acco ^ *J' 
a jamming ‘screen*, consisting of several planes each equipped with cunj Jmi , 

was opposed By flying over the channel coast, these planes could hide ourtorces 

while thevusembledfor a mission. Although screening planes were so equipped - 
^ engineers - and the operation tried, the idea was eventually 

£££Kc P .l i°L'^c" cV,^.1 to «tt Ale Fore., .lur to Utog to-* 
Irani* rontrP fighters to allow the Germans as much warning of our approach as they 
desired^ScreeiUng' missions we renever attempted in the Mediterranean Theater 
Siui’the iog^aph, of the area removed the possibitity of achieving an, kind of 
strategic surprise through countermeasures. 

Virtually the only occasions for the use of RCM equipment ^ the U.SJlivy in 
the European theater, (aside from he landings at Salerno, Anzlo, etc. during 

France. Of these two operations, Normandy represented the largest from the 
countermeasures point of view. 

In anticipation of our invasion, the German radar defenses of Northern France, 

. th . Channel Coast in particular, had been made extremely formidable . The 
S5 au kted. - coast Watchers, early-amrrting Fre^, 

and even Wurrburgs which had been adapted for surface search and flre- cont rol. 

No less than 12 different varieties of these basic equipments to b* 
the so-called “invasion belt'l There waa an average of one radar for every one 
to one and one-hall miles of coastline. 

The invasion itself consisted of a main Naval attack force plus two diversionary 
forceVthich proceeded to the north and the south of the actual invasion site. In 
addition to these Naval activities, there were airborne troops to protect as well. 

The enemy had to be denied, in so far as possible, any advance Jmowtedp of 
the —»<■ points, as well as advance knowledge of the strength of the force* 
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involved. In addition, he had to be denied the ability to direct gunfire at our forces 
under 'blind* conditions. 

Prior to the invasion itself, the U. S. and British air forces carried out a tre¬ 
mendous aerial bombardment of German radar installations along the entire coast 
of Northern France. Some 5,000 tons of bombs and no less than 3500 rockets were 
expended in this effort. The attack undoubtedly put a fair percentage of the potentially 
dangerous German radar stations out of action. The remainder had to be knocked 
out by jamming or deception, or a combination of the two. 

Both U. S. and British Navies decided to install a large number of unattended 
and man ually.operated jammers aboard their ships and landing craft. The effective¬ 
ness of these equipments was established during a series of invasion rehearsals 
held at a testing site near Edinburgh in Scotland. Here, with the help of ABL-15 
and other civilian engineers, both U. S. and British jamming equipments were tried 
out against captured German radars in representative Naval vessels. Civilian 
engineering assistance proved valuable at this juncture, because it was found that 
certain of the jamming transmitters interfered with other essential services when 
operated in close proximity to them, as during an Invasion. 

The American Navy, assisted by engineers from ABL-15, Installed some 76 
jammers (originally designed for airborne use) in landing craft. In addition, 10 
high-power magnetron jammers (CXFR's) were installed on cruisers, battleships, 
troop carriers, etc. In addition to these strictly jamming installations, search 
installations (covering the complete spectrum up to 6,000 megacycles) were made 
aboard two cruisers. Since all of this work was carried out with the assistance of 
ABL-15, the number of equipments involved is known with some certainty. However, 
much additional equipment was installed by Navy RCM teams and other personnel; 
according to official information, a total of 262 vessels of all types received RCM 
equipment of some sort. A total of 55 warships were given this protection, and the 
Navy's countermeasures installation program alone tied up more than 50 officers 
and men for a period of seven weeks. Of the 88 jamming equipments installed 
under the supervision of ABL-15, 45 or roughly 50 per cent were equipments de¬ 
signed by RRL or designed with the direct assistance of RRL. 

Of the many ships of the British Navy given RCM protection, a very large per¬ 
centage were scheduled to receive American-built RCM gear. It was soon realized 
by the British, as well as by representatives of ABL-15, that there were by no 
means enough persons familiar with American equipment available in the British 
Isles to do this job. Additional help from the United States was urgently needed. 

This led to General Eisenhower's request to General Marshall for 16 U. S. engineers 
to assist the British Navy with the installation of U. S. jamming equipment. The 16 
men arrived in record time; 13 of them were at once assigned to the Installation 
work which took place in some ten widely separated ports, ranging in location from 
Exeter on Use South Coast, to Scapa Flow in the Orkney Islands. In aU, this group 
installed 264 RCM equipments, of which 90 per cent were designed by RRL. In 
thanking the Americans for their help after the invasion, the British stated that they 
could not possibly have done the work by themselves. According to Commander 
Robinson, the British naval officer in charge of the work, a total of 530 jamming 
equipments were installed in both Navies, of which roughly 400 were American- 
built. 

In addition to jammers, both British and American Naval diversionary forces 
employed balloon-supported corner reflectors which increased the apparent "size 
of these vessels when under radar observation. In addition, the Air Forces dropped 
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large quantities of Window from low flying, circling aircraft over many of these 
ships, thus still further increasing their apparent “slxe.* 

German fighter opposition, a serious threat to our Airborne operations, was 
successfully diverted by the British during the night before D-Day. A small force 
of Window-laying aircraft, which flew across the Channel north of the invasion 
area, succeeded in giving the impression that a large bombing force was about to 
enter Germany at that point. Having drawn up the German fighters, these planes 
then jammed the German communications channels in order to still further disrupt 
the enemy fighter control system. Just prior to the actual airborne operations 
themselves, American aircraft carried out Window diversions intended to simulate 
a number'of different airborne attacks in order to divide still further the German 
defenses, j As a result, our airborne landings in the Normandy Peninsula were 
carried o^t with remarkably low losses - less than 1 per cent. 

As nearly as can be determined, the RCM phase of the Normandy operation 
was a success. It is known that the German were led to believe that the invasion 
was «aiHng place at a point further north than that at which it actually occurred. 
During a later interrogation, an enemy radar operator located at what became the 
Omaha beachhead asserted that he had not known what was approaching; he had 
merely been aware that something unusual was taking place. When one U. S. Cruiser, 
not equipped with jamming equipment, found itself subjected to uncomfortably 
accurate enemy fire, the officer in charge of the operation directed that ship to 
change places with another cruiser equipped with a jammer. As soon as the sub¬ 
stitution had been made, the enemy gunfire became inaccurate and soon stopped 
altogether. 

The invasion of Southern France followed the pattern of the Normandy operation. 
This time, however, the Air Forces’ shooting up of enemy radar stations prior to 
the operation was begun too late to be effective, and the full burden of protecting 
the assault forces from enemy radar observation fell on the RCM equipment. Agate, 
the invasion itself consisted of an assault force, plus two diversionary forces. 
According to one official source, 500 RCM equipments, including receivers, were 
installed aboard U. S. Naval vessels alone. It is known definitely that a total of 280 
jamming transmitters were installed by both the British and American forces taking 
part in this operation; 80 by the British, and 180 by the Americans. The mate 
assault force was allocated roughly 85 per cent of the available Ja mm in g equipment; 
the remainder were installed in the diversionary forces. These diversions were 
deliberately given incomplete jamming protection so that the enemy would be able 
to “see* the corner-reflector-equipped and Window-protected “spoof ships 
approaching. 

In the main forces, RCM equipment was installed oh the following U. S. and 
British ships: 4 battleships, 2 transports, 12 cruisers, 15 destroyers, 24 mine 
sweepers, 57 auxiliary mine sweepers, 2 mine sweep tenders, and 5 landing craft. 

In the diversionary forces, RCM equipments were Installed on 1 destroyer, 2 gun 
boats, 4 torpedo boats, and 4 sea rescue launches. From this, some idea can be 
gained of the types of ships selected for RCM protection. 

Virtually all of the Naval RCM equipment used in this operation, as was the 
case In Normandy, was designed by the Radio Research Laboratory. In addition to 
the equipment carried by the ships themselves, the landings were protected by 
jamming from RAF aircraft, as well as from a number of Dina-Amplifier com- 
binations operated by a U. 8. Signal Corps ground jamming detachment oni the island 
of Corsica. This expedition, known as Beaver II, included two RRL technical ob- 
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servers, anti a large portiar. of the jamming equipments used had been crash-pro¬ 
duced at th„- Radio Research Laboratory itself. In addition to jamming during the 
invasion, listening and intercept work carried out by the Beaver expedition from 
the Corsica location gave valuable information on the behavior of the German radars 
as well. 

As in the Normandy operation, civilian assistance rendered to the U. S. and 
British Navies was extremely valuable. Men were loaned from ABL-15 for the 
occasion. Only eighteen days before the Southern France operation itself, not one 
installation of RCM eqipment had actually been made. Yet by the time of the oper- 
ation itself, some 95 per cent of the originally planned installations had been completed! 

As far as can be determined, countermeasures were as successful during the 
Southern France operation as in the case of the Normandy invasion. The Germans 
got very little use out of their equipments. For example, the •Beaver* group in 
Corsica found that five out of six Coast-Watcher radars left unjammed, went off 
the air for some reason during the invasion! 

□ - Pacific Theater 

The countermeasures war in the Pacific Theater differed from its counterpart 
in Europe in several important respects. By comparison, Japanese radars were 
widely scattered in location and were not encountered in numbers large enough to 
be of operati jnal significance until late in the war. Moreover, the only Japanese 
radars of any consequence were relatively low-frequency - in the 70-200 Me range. 
They were easier to jam in view of their wider beamwhiths and longer pulse lengths. 

Radars found on widely separated Japanese islands could be dealt with by means 
of techniques often simpler than those necessary when large numbers of equipments 
are concentrated m a small area. For example, in the Southwest Pacific, our Air 
Forces often successfully put radars out of action by direct attack. However, 

“radar busting* could not profitably be earned on as we neared the Japanese home 
islands, where the number of operating radar sets was larger. 

In veiw of the relatively smaller number of Japanese radars, intercept work 
was operationally more important in the Pacific than in the European areas. Our 
submarine, surface, and air forces all made effective use of search receivers to 
warn them of enemy radar; this was done so effectively, that the Japanese, in many 
instances, restricted the operation of their equipments in order to prevent giving 
themselves away. Our forces took advantage of Japanese radars almost more often 
than they Jammed them. 

The first definite evidence of the existence of Japanese radar came to light 
during the invasion of Guadalcanal, when U. S. Marines captured a primitive Jap¬ 
anese air-warning set. Two of these same radars were later spotted in photo- 
reconnaissance pictures of the island of Kiska, and since they would expose any 
force attacking that island to radar detection, the Army Air Forces lost no time la 
sending a specially fitted B-24 search plane to the Alaskan theater in the early part 
of 1943 in order to confirm their suspected nature. The Radio Research Laboratory 
helped to equip this plane, which was flown to the East Boston Airport for the pur¬ 
pose. Since the SCR587 search receiver could not tune below 100 Me (the originally 
suspected frequency of the Japanese radar was 60 Me) RRL developed a 30-100 Me 
(the TN-1) tuning unit especially for this mission in a matter of 19 days! The exist¬ 
ence of two Japanese radars was soon verified, and their frequency found to be 98 Me. 


COiNFIDKMIAl 



CONFIDENTIAL 


Aircrew member ejecting Window bundles 
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Figure 04. Radar coverage map of Jap Home Islands 
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This was the first instance of an enemy radar having been heard on U. S.-bwite 
countermeasures equipment carried in a plane. 

Steps were taken at home to make sure that these radars would be pit out of 
action on the day of the invasion of Kiska. The island of Amchitka, approximately 
fifty miles away from Kiska, whose mountainous top was within line-of-sight of 
that island, was selected as a suitable site for a ground-based jamming installation, 
known as project 'Beaver 1/ The Signal Corps* First Special Signal Platoon was 
formed and outfitted with prototype low-frequency jamming transmitters suppuea 
by RRL. An RRL technical observer also accompanied this expedition to Amchitka. 

Shortly before the invasion itself, further radar reconnaissance being carried 
out by Army and Navy patrol planes in the vicinity indicated the possibility of the 
existence of a third, higher frequency radar on Kiska. This resulted to ““'"gent 
request to RRL for a prototype of the newly-developed Rug transmitter which 
would cover the 300 Me range, and an engineer to accompany this equipment to 
Alaska on an Air-1 priority. 

However by the time the Beaver Expedition had set up its equipment and placed 
its receivers’to operation, the Japanese had blown up their radars prior to abandon¬ 
ing the island two days to advance of our invasion. As a result, the various jam^ssf 
equipments were never used; however, the experience gained was very valuable and 
the Beaver project itself set the pattern of others which were to follow. 

In the South Pacific, RCM activities were coordinated by a joint Army-Navy _ 
organization known as Section 22 of General Headquarters. In the early days of the 
war little more than organized search work, which led to the pinpointing of many 
Tawuiese early-warning radars on the islands north of Australia, was needed, 

Japanese radars were not plentiful enough, or weU organized enough, to constitute 
any threat to our operations. Some air-warning sets were known to have been turned 
on only after a bombing attack had begun! 

Other activities of Section 22 included training Allied operators to antt-jammtag 
techniques and educating the Forces to that theater to the possibilities of RCM. 

Radar search work was carried out by Navy PBY patrol planes - operating at 
night and known as 'Black Cats', by PT boats, and even by submarines. Later cm, 
this work w.s greatly strengthened by a series of Ferret planes sent over from the 
States. RRL technical observers accompanied the Ferrets from toe very sart- 
Much of the ambiguity of toe early radar Intercept data received from total 
was resolved after the U. S. Ferrets, with their modern equipment, arrived on toe 
scene. Reports of relatively high frequency radar intercepts, tor example, ceased. 

When the pace of the Navy’s Pacific campaign began to be stepped up, itvma 
soon realized that RCM would have to be handled to a different way to this 1 ^Mlnr 
than had been toe case to Europe. In the Pacific, the Navy was deal with 

no t one or two D-days, but instead a whole series. It was not possible to handle 
RCM by means of teams of experts who were sent to each locality for *ach Particul ar 
lob instead It was decided that each ship of the Navy should be made self-protect- 
to! Md given adequate countermeasures defense, as part of its standard equipment. 
This decision led to a large-scale shipboard RCM 

almost comparable to the installation programs of the Army and Navy Air Forced. 
(<Sr Navy included roughly 450 destroyers, 350 destroyer escorts, 250 submarines 
and 100 cruisers, not all of which, of course, were to the Pacific at any ooe time.) 
All ships from destroyer-escori-size on up (including submarined) were given a 
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'type allowance' of intercept equipment; all ships from the larger destroyers on up 
(not including submarines) were given a type allowance of Jamming " ““ 

a very large percentage of the Pacific Fleet was equipped according to thin plan. 

Following is a listing of the main types of RCM equipments being installed 
aboard Naval vessels, as of early in 1945, with comments: 

Tuning units RRL-developed 
Modification of RRL APR-1 design 
Modified RRL Design 


RRL Design 

Basic Transmitter research done at 
RRL. TOY antenna system RRL- 
designed. 


RDO 

Search Receiver 

40-3400 Me 

SPR-1 

Search Receiver 

40-3400 Me 

SPR-2 

Search Receiver 

1000-12,000 Me 

RDJ 

Pulse Analyser 


RDP 

Panoramic Adapter 


DBM 

Direction Finder 

90-5500 Me 

TOY 

Jammer 

60-1200 Me 


All antennas for the above equipments were designed by RRL. 


Under the same overall plan, allowances were set up for RCM equipmental- 
located to carriers (CV*s, CVL’s), for use in carrier aircraft (TBM, etc.). By the 
end of the war, these included the following: 


APR-1 Search Receivers 40-3400 Me 

APR-2 Search Receivers 100-1000 Me 

APR-S Search Receivers 1000-12000 Me 

APA-11 Pulse Analyser 

APA-23 Recorder Attachments 

APA-3B Panoramic adapter 

APT-1 Jammer 

APQ-2 Jammers 

AM-14/APT Jammer Amplifier 

AM-18/APT Jammer Amplifier 

APQ-20 Jammer 2000-4000 Me 


RRL-designed 

RRL-deslgned 

RRL-designed 

RRL-designed 

RRL-designed 

RRL-designed 

RRL-designed 

RRL-designed 

RRL-designed 

RRL-designed 


All antennas for these equipments, too, were developed by RRL. 


Search receivers were used in surface ships during the original attacks on the 
Marshall islands, although Japanese radar was not a factor in those campaigns. 
Receivers of this type were also used to good advantage, for example, during the 
shore bombardments of the Kuriles and of I wo Jlma. In the latter instance, our 
cruisers approached under a condition of radar silence in order to have the ad¬ 
vantage of complete surprise. 

As the war moved further West, more Japanese radar began to put in its ap¬ 
pearance. Fairly effective search light and anti-aircraft fire control radars began 
to be encountered as our forces approached the Philippine Islands and the Island of 
Formosa. The Japanese first used Window in October, 1943; by October 1944, our 
own Naval forces were making good use of this countermeasure. 


In addition to its use by the surface forces, RCM was employed to good advantage 
in the Navy's carrier aircraft. Carrier-based planes making strikes over the Clark 
Field area in the Philippines, for example, carried Window and Rope to protect 
them against the Japanese searchlight-controlled radar. Our ‘night hecklers*, 
teams of fighter and torpedo planes assigned the task of maintaining a continuous 
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patrol over Japanese airfields when our carriers were in the vicinity, were given 
the protection of Window and spot jamming RCM installations. These last were 
operated by the radio operator in the three-man TBM torpedo bombers. Carrier 
plane RCM was used to good effect; on many occasions, the Japanese radars reacted 
to our jamming by shutting down or going off the air. 


Considerable radar search work was done by the long-range Navy patrol squad¬ 
rons which paced our land forces during their Island-hopping advances. Operated 
out of advance bases, these planes had the job of searching oU Japanese shipping - 
an excellent opportunity for radar search work as well. Foreseeing this, the ftiress 
of Aeronautics had set up in 1943 a program for equipping the PB4Y2 "Privateer 
search planes with the very latest in radar search and jamming equipment. These 
planes, of which over 600 were delivered, were introduced on a wide scale at the 
end of the war. Their allowance of RCM equipment included: 




AN/APR-1 

AN/APR-2 

AN/APR-5A 

AN/APA-li 

AN/APA-17 

AN/APA-24 

AN/APA-10 

AN/APA-23 

AN/APT-1 

AN/APQ-2 

AN/APT-5 


Search Receiver 
Recording Search Receiver 
Microwave Search Receiver 
Pulse Analyzer >. 

Direction Finder (high frequency) 
Direction Finder (low frequency) 
Panoramic adapter 
Recorder Attachment 
Jamming Transmitter 
jamming Transmitter 
Jamming Transmitter 


RRL-developed 
RRL-deve loped 
RRL-developed 

tL-deve loped 
RRL-developed 

RRL-developed 

RRL-developed 

RRL-developed 

RRL-developed 


(all antennas for the above were RRL-developed) 

Search receivers were widely used aboard U. S. submarines, where their use¬ 
fulness was immediately recognized. (The first such submarine i nst a ll a tion was 
made as early as August, 1943.) In addition to spotting and locating enemy shore- 
based radars, our submarines were often enabled by means of their intercept re¬ 
ceivers to search out the Japanese shipping which was (heir primary prey. Later 
on in the war, both Japanese escort vessels «d submarines began to be equipped 
with radar, most of it a low-frequency portable air-warning set. These radairs were 
not very useful against surface targets, yet could easily be intercepted. During one 
patrol, the U. S. S. Batfish earned a citation for sinking three enemy subs, all of 
which were not only detected by means of a search receiver, but also located by the 
same set, using the directional pattern of the intercept antenna. 


U. S. submarines were thus enabled to avoid Japanese air attack by Japanese 
radar-equipped patrol planes. By listening to the Japanese transmissions, our sub¬ 
marines could tell when they had beta detected. If a previously wavering signal 
should steady down and grow louder, it was time to dive. 


The Navy made further use of RCM in the Pacific during invasions such as those 
at I wo Jima and Okinawa. According to a carefully worked out plan, landing craft 
and support vessels were equipped with jammers (most of them AN/ARQ-s, AN/APQ 
2, AN/APT-1, etc.) with which to knock out enemy shore-based or airborne radars. 

U. S. surface ships, like submarines, were able to avoid Japanese air attack by 
using search receivers. Japanese-radar-equipped aircraft, which put is their ap¬ 
pearance during 1944, became a much more serious threat after the introduction of 
Kamikaze tactics. Although radar-equipped planes themselves were seldom used 
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lor suicide attacks, it not infrequently occurred that the radar-equipped planes led 
others in. Moreover, these 'snooper* planes were fond of shadowing our carrier 
task forces at night - staying as tar out of range as possible - yet able to give radio 
instructions to planes participate gin anjtftack. 

By means of their search receivers, our ships could detect the approach of 
snoopers well before U. S. Fleet radar operators spotted a *bogey* on their screens. 

As directional antennas became available to the Fleet, it was found possible to de¬ 
termine the direction from which enemy radar signals came, and even to dispatch 
an Intercepting fighter in the proper direction to make an interception before the 
enemy plane itself had been discovered by radar. 

The importance of this application of RCM very greatly increased the Navy's 
interest in the RRL.-developed rotating-reflector direction finder (DBM). Fifty of 
these in all were crash-produced by the Laboratory for the Bureau of Ships, for 
installation on such key Fleet units such as Amphibious Command Ships (AGC’s). 

As might be expected, Japanese radar-equipped planes were not left unmolested 
when they participated in attacks on our ships. Whenever they approached, they 
found themselves jammed, either by RRL-developed airborne jammers modified 
for the purpose, or by the more powerful TDY's. The reaction in these cases was 
extremely satisfactory; when their radar failed them, the Japanese pilots simply 
broke off the attack. 

Toward the latter part of the war, persistent reports of Japanese S-band sur¬ 
face-search radar came to hand. This was finally verified, in the spring of 1945, 
by the recovery of one of these radars from a Japanese cruiser sunk late in 1944 
during an action in the Philippines. To meet this potential threat (for the Japanese 
S-band radar was found to be of crude design and low performance) the Navy rushed 
to completion a modification of the TDY shipboard jammer, making it possible to 
operate this equipment at 10 Cm. The tubes used 1 in this development were magnetrons, 
the development of which had been stimulated by RRL’s airborne 10 Cm equipment, 
the AN/APQ-20. The modified TDY’s were installed aboard a few battleships and 
cruisers. 

Antennas for these units, as well as all the other antennas of the TDY series, 
were designed by RRL under an arrangement whereby the leader of the RRL antenna 
group acted as informal consultant to the Bureau of Ships on antenna problems of / 
every sort. 

In addition to carrying out extensive search work, the Army Air Forces in the 
Pacific theater used offensive countermeasures later on as well; for example, 
mine-laying flights into Manila Bay were protected by both Window and electronic 
jamming. The 11th and 13th Air Forces, attacking the relatively heavily defended 
island of Formosa, were the first to begin systematic jamming of searchlight -con¬ 
trol and anti-aircraft fire-control radars around the middle of 1944. 

Our very heavy bombers, the B-29's, had been prepared for an RCM war from 
the very start. When the 73rd Wing was sent out to its bases in India and China in 
early 1944, the expedition was accompanied by two RRL technical observers who 
had the job of sure that the generous supplies of countermeasures equip¬ 

ments supplied with these planes saw the most effective use. In view of the long 
supply route, the B-29’s were given jammers as well as search receivers, in ease 
the former should ever be needed. Flying from bases in India, these planes located 
a number of enemy equipments is Burma, China, and Japac proper. However, antl- 
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aircraft opposition was then slight, and since it was never ^ible t^mon^t* 
the connection between enemy radar activity and accurate flak, no lamming was 
undertaken at the time. 

One of the important RCM events in™ 

ZZ <S ‘mtoto. JUS to. .1, those Japanese rmlto oto *P 

outlying regions, such as the Southwest Pacific Areaa » new types 

Tapamiteelf. True, there were more radars in Japan, but the fact tta 

were found refuted a frequently-expressed viewthatthe 

their best radar for the defense of their homeland. The countermens pi 

was thus greatly clarified. 

Active lamming of enemy radars by the B-29's did not begin ^the 2 &th 
Bo«£, CoS ... operating out of if I. to Mar toto 

KRsasaWtJSJaagep-i 

a-rfe s.*£.-=?s *“ 

Tb. b-29's were fortunate, compared to the bean bo»bera m Europe, 1. tot 
each plane left the U. S. equipped with Group A parts for the “ ^l.^.^ead vta^ 

SSlSSRKSS-SSWMK gjyj-s 

operatoVs (each controlling three Jammers) were to be carried in ea«m^aor«, 

planes, which were^B-29 ft oUnned that four of these planes per wing 

SS'tf £3SSl£ Japanese radars.^The ‘Pofcu^^tS^ 

any enemy radars which might come on. 

. ... . •pnrcuDlnes* actually used carried six to fourteen trsns- 

Each of the l " t " l “Jf v e r gimi Jailed for eight 200 Me barrage Jammers, fit* 

^, -r. rrg w 1 ^ 

toSTrt rop.! weighing w to, wrr. to b. topottod tom to ‘Porcupto. . 

. . — ^..ihw from Guam In support of the Mariannas-based 
B-24 Ferret planes, operating from t»am » hh* tar> was to map 

B-29*s, had an important assignment st the end of the war. Tneir or was 10 
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the radars on the Nanpo Shoto chain of islands which extended from Iwo jima to 
Tokyo Bay. For ease in navigation, these islands were followed by the B-29 strikes 
on their way north, and their early warning radars were earmarked for destruction 
by bombing and strafing. By the end of the war, the Ferrets had succeeded in radar¬ 
mapping this entire chain of islands, and radar-'busting* was to'begin as soon as 
the sites had been photographed by photoreconnaissance planes. 

A good idea of the magnitude of the Army Air Forces countermeasures program 
can be gained from the following tabulation of shipments of RRL-developed equip¬ 
ment to the four theaters which were the largest consumers thereof: 


ARMY AIR FORCES 

OVERSEAS SHIPMENTS OF RCM EQUIPMENT TO FEB. 1, 1945 
(not including Window) 


Unit 

Sth and 13th AF 

ETO 

'^lClTO 

B-29’s 

TOTAL 


SWPA Burma 





AM-14 

80 

202 

310 


592 

AM-18 

80 

182 

310 


572 

AM-33 


50 

250 


300 

APA-17 

3 

5 

3 


11 

APA-23 





139 

APA-24 

12 

12 

8 

16 

48 

APQ-2 

2 

500 

210 

171 

B83 

APQ-9 

2 over 10,000* 

3700 


13,702+ 

APT-1 

133 

400 

310 

591 

1,434 

APT-2 

11 

3,426 

982 

569 

4,988 

APT-3 

64 

274 

46 


384 

APT-5 


329 

293 

396 

1,018 

APR-1 


15 

110 


125 

APR-2 

35 

10 

8 


53 

APR-4 

38 

621* 

150 

129 

936 

APR-5A 

54 

27 

25 

70 

176 

APR-7A 


20 

7 

12 

39 

APQ-8 

25 

20 

5 

24 

74 

TOTAL 

537 

16,093+ 

6,727 

1,978 

25,335+ 


'Includes February shipments. 
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Figure 72. Antenna research in progress on the RRL roof 
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Vm. EVALUATION OF RCM 


It can be said the Allies' use of radar countermeasures In this war was strik¬ 
ingly successful. For it is certain that our enemies got far less use out of their 
radars than did the Allies. United States lamming of enemy radar saved thousands 
of lives, hundreds of planes, and perhaps even ships. By deceiving enemy radars, 
as was done shortly before and during invasions, U. S. forces not only concealed 
our intentions but also, in some instances, made enemy radar something which is 
worse than useless; namely, a source of misleading information. By intercepting 
ene ny radar signals, our forces obtained warning of impending attack, and made 
German and Japanese radars useful to us rather th a n to our enemies. 

It is plain that due to our countermeasures, the enemy got little out of radar, 
whereas we got the most out of it. The enemy was, in many instances, afraid to 
turn on his equipment for fear it would give him away (as was the case with German 
submarines and Japanese search planes). Yet our radar blind-bombing operation 
against Germany was virtually unopposed from the countermeasures point of view, 
although experience at RRL showed that S-band radar can be Jammed! 

The success of our own use of radar depended, in no small measure, on the 
enemy's inability to bring countermeasures to bear. For it is surprising that the 
enemy did not do a better countermeasures Job, particularly during those periods 
when the Allies were the most vulnerable, i.e. - in 1940-1942. 

The Germans and Japanese ended the war with very little enthusiasm for radar. 

It is no wonder that some Germans told our interrogators that 'Flak is an outmoded 
weapon!* 

It is remarkable to think that RCM, which was virtually unheard of by the U. 8. 
forces at the time of Pearl Harbor, was practically a household word by the end of 
the war. Every Naval vessel, from submarines and destroyer escorts on upward, 
carried its share of countermeasures equipment. Moreover, countermeasures 
gear was a standard part of the equipment of every bomber, and radar counter¬ 
measures was an established activity in the strategic air forces. 

It is interesting to examine the reasons why our countermeasures effort was 
so successful. For it succeeded even though experience showed the impracticability 
of saving up countermeasures to spring them all at once on the enemy, ns was once 
the plan. In most every case in World War H, countermeasures were use d in sm all 
quantities against the enemy before any large-scale effort was made. It proved to 
be necessary, in most instances, to give new developments an operational trial in 
order to win support for the effort required for their wholesale introduction. Thus 
it was the successful operational use of 70 Carp- Jammers in October, 1943, that 
caused the 8th Air Force to support a program involving the installation of t h mi s a n ds 
of equipments - each weighing roughly 100 pounds - in operational aircraft. 

The gradual introduction of our countermeasures had, in the case of the Germans, 
a definite value in that it pinned their scientists down to a program of anti-ja mmin g 
in order to save the enormous Wurtburg radar investment. Had our Ja mmi ng blits 
started out at full speed, the Germans might well have given up any hope of saving 
this investment and might have bent their efforts in other, more fruitful directions, 
such as the development of microwave radar. 
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One of the remarkable circumstances about countermeasures is the fact that 
they were not very clearly foreseen- Both the Allies and the Germans made the 
same mistake of having most of their radar concentrated in narrow frequency 
ranges at the start. Compared to the Germans, however, the Allies were relatively 
^d aggressive in making up for this initial oversight. However, as late as 
1942, the British estimated that roughly six enemy planes, each carrying a small . 
number ofJammers, could have put over 70% of the British radar out of action. 

To show that we too made the same m ista k e, the following example is cited. As 
late as 1943, the radars of the Army’s air defense training installations in Florida 
were all concentrated in such narrow frequency ranges that they were knocked out 
by only three planes carrying two jammers each during the course of a demonstra¬ 
tion! Moreover, even later in the war, U. S. radar magnetron designersJufl 
standardized their designs, manufacturing tolerances, etc. to the poinfwhere U. S. 
microwave radars of a given type were, in some instances, all to be found within 
a frequency band of plus or minus IS Me. 

At the start of the war, the German Wurzburg radars were all concentrated in 
a frequency band roughly 10 megacycles wide - a perfect target for countermeasures. 
Moreover, the German s choice of an operating frequency happened to be a rel- 
abvrty fortunate one from the standpoint of RCM. Although the Germans had pushed 
their radars up to the highest frequency at which conventional triode tubes and 
techniques could be made to function successfully, it was possible for the U S to 
start out with Wurzburg jamming transmitters utilizing tubes which were already 

P s 0d ^n! 0n J Prl0r t0 th * w ‘ Moreover » same frequency happened to be one 
at which Window - or rather Chaff - is very efficient. 

However, the biggest reason for the success of United States countermeasures 
was the aggressiveness with which we applied them. Developments carried out 
during the war made it possible to increase the power output of jammers for the 
Wurzburg frequency range from 5 to 150 watts. Moreover, U. S. forces had at 
P' et *’ disposal *>y the end of the war, completed jammer developments which would 


five times those actually used by operational German anti-aircraft radan Had 
the Germans moved even up into the microwave region, we would have been pre¬ 
pared for them. An important reason Tor the success of RRL was its rood Ualstm 
not only with the purchasers of RCM equipment, but also with the ultimate users 

? r^!«°L Uie ,0 !5^ elay beU * en the development of a device and its introduction 
to the field on a wide scale. By working informally with all those concerned with 

Ttaim^ecUtia^ f0Und M possib,e to expedite many mutual agreements and ia- 

factor in the success of the program was the fact that RRL was 
willing to make engineering decisions on the basis of what in ordinary practice 
would be considered insufficient information. The important thing wu that de¬ 
cisions were made. Only in this way, could we always keep one step ahead of the 
For the Oshhook antenna was designed and ready before any 

defWte intelligence information existed on the German anti-jISnJng dey^Smenz 

based on our use of a vertically-polarized stub. * ‘opmeni 

^-^ M .w reOTer ’ ooce * decision had been made, the Laboratory stuck to it. and pro- 

,ts responsibility for a development did noT^ 

cease after that development left the Laboratory, but extended all the «*—- «- 

to the analysis and evaluation of its operation*thTflS. 7 
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The fact that RRL was a central activity in its field, made for tost action. J * 
Laboratory was able to serve as a clearing bouse for information of all Unds^ keep¬ 
ing those concerned abreast of developments both technical and tactical in the kcm 
program. Only nine months alter the recruiting of personnel and the ordering « 
equipment had begun, three important developments were already la the hands at 
the manufacturer. 

The most striking result of the war-time experience with radar countermeasures 
is the fact that it has obsoleted a whole class of radars. It is certain the reliance 
will never again be placed on a standardized chain of low-frequency radars which, 
as the Germans have seen, can be Jammed on a systematic basis. 

It is likely, therefore, that there will be fewer opportunities tor syste 
radar Jamming in the future. Moreover, the trend in the direction, of utter 
equipment complicates the radar Jamming problem to a considerable extent. 
beam power, narrower beams, shorter pulse lengths, as well as the greater number 
of frequency channels in which they may operate, make microwave radars mar* 
difficult to Jam. In the case of Naval vessels, the present tendency to carry more 
and more radars will still further complicate the jamming problem. Since some 
carriers and battleships already have as many as 20 different radar sets aboard, 
it can be seen that the task of knocking out each one of these radars will be very 
difficult; it will not be easy even to jam those sets which might be used for main 
battery fire-control! In the case of aircraft, space and weight limitations have al¬ 
ready placed a limit on the number of Jammers which can be carried. 

Counterbalancing these factors, however, are the following considerations. If 
the enemy has only a few anti-aircraft radars operating In a given area, it wiU a l- 
ways be possible for an operator in an airplane to spot Jam ihe radar which happens 
at the moment to be the most dangerous to him. RCM has therefore complies 
the radar problem to the extent that it will be necessary to use mora radars-on 
differing frequencies - for each tactical application. While it may ee ***£ 
war has ended the honeymoon of radar countermeasures, it is also true that RCM 
has made radar a more expensive proposition. 

One phase of radar countermeasures will always be important - *adthat\*_ 
radar Investigation or reconnaissa work. It will always be desirable to find out 
how much radar the enemy has, w’-re he has deployed it. and l how he fa using UL 
Knowing Uie location of a radar, is often very nearly as valuable as *** »“**° 

Jam it The search phase of courtermeasures will always have Importance even 
in cases where the Jamming phase does no*. 

It fa important to realize, from the standpoint of future radar planning, that it 
is imneratlve for us to spread our radar frequencies, if there fa to be any w curtt y 

. .prime. 1 IM. ™ la. .bo« ttol U U p«rfccU, 

Sstole to jam microwave radars efficiently, provided these are ° f * nt * a *'**‘* 1 
??eUtlvely narrow frequency range. We cannot 

radar defenses, unless their operating frequencies are widely “f "V*, 

standardized In particular bands as has been done in the past. The *»ccej* 
radar-aided blind-bombing campaign, for example, was dependent on the fact Urnt 
It was essentially unopposed - from the countermeasures point of view - a circum¬ 
stance which cannot be relied upon to recurl 
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CAKZ-66/aXH 

K -2907 CAFH-66/aJX Shlpborna Dlpolo 265-530 He 


CAKZ-66/AJY 

K -2908 CAPR-&5/ALT Shlpborna Dlpola *35-820 Re 


M-2.12* 


K-2926 


M-3010 


R-*703 


CAPR-66/aW 


CAPR-66/aU 


TS-189/0 


AS-161/APT 

AB-87 


AS-2*6/AP 


Shlpborna Dlpolo 790-1*10 R 


Shlpborna Dlpola 88-17* Re 


Shlpborna Dlpola 1 * 5-310 He 


Taat 0 adHatar for R-3000 


Antanna Kit and Mount 

195-675 Re 


Taat Unit for DBM 


Circularly Polaritod Bora 
and Rofloetor 2500-3750 Me 


Broadband! rvg Trananlttlng 
S-Band Coo* Aatanna 


P11tar for CA0W 


6 


*70| 222 


BS 


**0 

83.500 

4*0 

78.200 

328 

106.800 

770 

312.500 


*2l| 1T3,05C| l f *211 573.050 


i,*oo 651,500 


1,3601 *90,000 


* 00,000 


1.0001 *00,000 


*861 79,000 


1.139 27*,318 


285 570,000 


l.»0| 3*, 651 I 2,5*8 | *5,000 


293.701, 


31*.*91112,67*. 060 


I 




























































































UNCLASSIFIED 



Arman a *11-299 


SWMAfiT or niaDOCTIO* 
or rrl-develoted Eg Dirwary 

directi os maim i qnmn rt 



HI 

Brief 

Deseriptlre 

_title_ 



U) 

Oel- 

Leer- 

le. 

Coat 

Del- 

leer- 

lee 


Total 


C-21006 

HH 

Direction finder 350-100 Me 


■ 

■ 


■ 

8 

C-2100S 


Direction finder 100-750 Ns 



mm 

358.000 

■ 

550,678 

C-21000 

AN/aPA-42 

Direction finder 60-750 Me 



40 

52.000 

l 

595 # 000 

C-2110 

AS-242 

Heed for AR/aTA-24 

100-165 Me 

3 

675 

300 

32,213 

1,300 

118.563 

C-2116 


Heed for AH/AfA-2* 

165-275 Me 

3 J 

600 





N-2300 


Direction finder 300-1000 M) 

m 

53,*64 



■i 


M -2600 

CXOA 

SMpborne Direction find in* 
Sj.tea 300-1000 Me 

25 

15*.157 


Hi 

■ 


M-JOOO 

ar/ata-17 


■ 


HH 


HHH 


N-*100 

CBN 

I^BS 

H 

212,500 

m 

mi 

IRS 


N -*502 


Mlcroveee Direction finding 
Antenne Heed for N-2300 
1000-5000 Me 

H 

■ 

■ 


■ 


M -6200 

A3-222/ATA- 

17 

Lev frequency Bl-Dlreetlonel 
Direction flading Antenne 
Aseeably for AH/ATA-17, 
70-200 Ns 


25,000 

■ 


525 

*50.000 

M-*50* 

AS-186/ATA- 

17 

Mlcroveee Direction find!ng 
Antenne Heed for AH/aTA-17 
1000-5000 NS 

ii 

15,950 

1,01* 

362.816 

II 

*28.000 

N-6*00 

AS-108B/ 

ATA-17 

Airborne Direction finding 
Heed 135-2100 Me 



2*1 

59,819 


272.000 



Totals 


*67.5*6 

3,880 

8,096.273 

7,802 

13.6*5.8*1 


•Based oa Transition Department final Report - 12-l-*5 

(1) Thle eolu«l Indieetei the number of unit. provided for the Ser rices vlth truifir of r—a. 
fro* Serelees to BERC. *wo 

UNCLASSIFIED 




























































mmm 

*11-299 

APmnxx a 

SOKHARZ OP PXamcnaH 

OP RRL-OVZLOPED KQUXPNOTSa 

TS9T ARD TRAIBUO gQPIPMlT 


Project 


Mt im«,i v. 


K>>;4 K*tn.i 


n-$ 2 /ur 


T3-5*/aP 


T5-52AKU 


p-3600 ts- 53 /ap 


P-*100 |rP-9/0PT 


«r/tpq-t 2 


RAT-HARX 

VI 


T3-*06/OP 


Z-1600 T3-U8/AP 


Brief 

Descriptive 

Title 


High frequency Vareaeter 
70-1*5 lie 


Alignment Indicator for 
Soublo-Peakod Asg>Ufler 


Panoramic Spectra Analyser 
80-1010 lie 


Pulsed RP Signal Oaaerator 
* 60-600 He 


Transmitter Output Indicate 


Carpet Checker 11 
200-700 He 


Practice Oielllator 


Teat Oscillator *0-500 He 


Training Signal Generator 
90-270 He 


Test Canty for 2C5C 
Vacuum Tubes 


Training Signal Oensrator 
500-1005 He 


RF Power Indicator 


Totals 


BOO 2*0.000 


8U.200 l 2.377 11,123,800 


*25.000 8,576 8*7.600 


*20 * 20.000 


1,720 575 86.250 


2.652 1,*15,200 3.702 11,976,000 


70 57.000 200 


1311 209,*00 ! 800 


78,000 5*0 I 1*0. *00 


27 110,120 


3.676,550 16.635 15.978.600 


■Based on Transition Department Pinal Report - 12-1-45 

(1) This colusn Indicates the number of units prowldeA for the Serrtees with transfer of 
fron Serneea to RSRC. 


^CLASSIFIED 






































































10 


*U-299 


CLASSIFIED 


AfPUJIU A 

stwKunr o? prodoctior 

OP HRL-BEVE10PED EQtJIPJCHTS* 
ABTI-JAHMIBO DEVICES 



Brief 

Deecrlptlve 


Mod. 1.42 Plug-In Bl£h-Pata Video 
r or CV-55 filter for Mark III and 
•AB IV Radar 



Vary High-Pa** Amplified 
Video Filter for Mark in 
and IV and SCR-29 6a 


Interference Generator 


[CiiSSSl 



Af PERDU A 

StMUKT OP PRODOCTIOR 
OP RFL-DEVELOPED EQUIPMERTS* 



•Bated on Tranaltlon Departaent Pinal Report - 12-1-45 


(1) ttle coluac lndieatet the nuaber of volte provided for the Service• vlth tranefer of fvnde 
froe Service* to RSRC. 


UNCLASSIFIED 






























































UNCLASSIFIED 


*11-299 


*rmcix a 

soxmaxt op raowrno* 

OP RAL-ErVKLOrcD IQtnPKOTS* 



•BaMd on Tcn.ltlon Departaeot Plan! Popart - 12-l-*5 

(1) Thl. coluan indict., th. nunbor of unit. PpotI dod for th. Sor.leo. with trnnofor of 


froa Sorwleao to RRC> 


UNCLASSIFIED 









































